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I n t r o d u c t i o n 

W h a t is t ime? T i m e is something elusive which is at the center of our 
day to day activities. Sometimes we say t ime flies; sometimes we say it drags. 
W e cannot see t ime or feel it or hear it. But we can measure it. 

T ime, it has been said, is the interval be tween events. T o measure t ime 
you mus t select regularly occur ing events and then devise ways of measur
ing the intervals be tween their occurrence and reoccurrence. The How and 

Why Wonder Book of Time tells of man ' s search th rough the ages for 
prac t ica l ways of measur ing these intervals. This b o o k also tells how t ime 
is impor tan t to each of us and par t icular ly to scientists in their unending 
quest for new knowledge abou t the universe. 

T h e inventiveness of people is demons t ra ted by the m a n y kinds of 
clocks tha t have been developed. D o you k n o w how a burn ing rope or a 
water clock or a molecular clock tells t ime? Cou ld you m a k e a sundial , a 
candle clock or a sand glass? The How and Why Wonder Book of Time 

answers these quest ions and m a n y more , and also gives you instruct ions for 
mak ing your own clocks. This book , s tudied at h o m e and in school, will 
enl ighten young readers about m a n y fascinating aspects of man ' s preoccupa
tion wi th the "interval be tween events ." 
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Early man observed that 
the cycle of the phases 
of the moon from full 
moon to new moon 
and back to full moon 
always took the same 
amount of time. 



S e c o n d s a n d C e n t u r i e s 

T i m e is m e a s u r e d b y t h e j o u r n e y of o u r p l a n e t t h r o u g h s p a c e . T h e e a r t h ' s 

y e a r l y t r i p a r o u n d t h e s u n , t h e m o n t h l y o r b i t of t h e m o o n , a n d t h e d a i l y r o t a t i o n 

of t h e e a r t h o n i t s a x i s g ive u s a s t a n d a r d fo r t h e l e n g t h of t h e y e a r , t h e m o n t h 

a n d t h e d a y . L i k e g r a v i t y a n d t h e a t o m , t i m e is o n e of t h e g r e a t n a t u r a l 

p h e n o m e n a t h a t w e a r e l e a r n i n g t o e x p l o r e a n d u n d e r s t a n d . 

T i m e h a s a q u a l i t y t h a t i s a s h a z y a n d d i s t a n t a s a n i g h t s k y b e f o r e r a i n . 

T h e h a z e o c c a s i o n a l l y c l e a r s f o r o n e of o u r sc ien t i s t s o r p o e t s , a n d t h r o u g h t h e m 

a g l i m p s e of t h e s t r u c t u r e o r m e a n i n g of t i m e is r e v e a l e d . 

A l t h o u g h o u r k n o w l e d g e of t i m e is g r o w i n g , a n d w e c a n a c c u r a t e l y 

m e a s u r e i t s p a s s a g e , t i m e i tself r e m a i n s a l o o f f r o m o u r c o n t r o l . M e n h a v e n e v e r 

b e e n a b l e t o c h a n g e t i m e . I t is t i m e t h a t h a s p e r m i t t e d m e n t o see c h a n g e . 

P r i m i t i v e m a n r e s p o n d e d t o t h e p a s s i n g 

of t i m e o n l y a s i t 

p a c e d t h e s p a n of h i s 

s u r v i v a l . D a y l i g h t w a s 

a p e r i o d fo r h i m t o h u n t f o o d , a n d d a r k -

How did men 
first tell time? 

n e s s a l l o w e d r e s t . H e k n e w t h e o v e r a l l 

s e a s o n a l r h y t h m s — w h e n t h e y b r o u g h t 

d i f fe ren t p e r i o d s of n i g h t a n d d a y , ex

t r e m e s of h o t a n d c o l d , a n d a shif t i n 

t h e b o u n t y of g a m e a n d p l a n t f o o d . U l -

A large circle of monoliths or 
very large stones stands at 
Stonehenge, in England. For 
many centuries no one really 
knew where the stones came 
from and for what purpose 
they were put there. Today 
some scholars think that 
Stonehenge was a "calendar 
for one day." This day was 
about June 22, the summer 
solstice (the longest day of 
the year) 4000 years ago. 
The heel stone, slaughter 
stone and altar stone were 
apparently arranged so that 
they pointed toward the ris
ing sun only on this day. 



t i m a t e l y t h e g r o w t h of h i s c h i l d r e n a n d 

t h e a g i n g of h i s b o d y r e v e a l e d t o h i m 

t h a t h e h a d l i v e d t h r o u g h a g r e a t m a n y 

n i g h t - a n d - d a y c y c l e s a n d s e a s o n a l 

c h a n g e s . Y e a r s w e r e a c c u m u l a t i n g . 

A s t h e h u m a n r a c e e v o l v e d , t r i b e s be 

c a m e o r g a n i z e d . T h e r e w a s a n e e d t o 

c o o r d i n a t e h u n t i n g p a r t i e s , c o u n c i l s a n d 

r e l i g i o u s c e r e m o n i e s . W h e n d o w e m e e t , 

w h e n d o w e t a l k , w h e n d o w e a p p e a l 

t o o u r g o d s ? A m e a s u r e m e n t of t i m e 

t h a t e v e r y b o d y c o u l d u s e w a s r e q u i r e d , 

a n d s o m e w h e r e b a c k in o u r h i s t o r y , l o n g 

b e f o r e t h e a g e s of m e t a l o r t h e w r i t t e n 

r e c o r d , t i m e - t e l l i n g s t a r t e d . 

T h e m e a s u r e m e n t of t i m e p r o b a b l y 

b e g a n w i t h o b s e r v a t i o n s b a s e d o n t h e 

m o v e m e n t s of t h e s u n a n d t h e m o o n . 

T h e r i s i ng a n d s e t t i n g of t h e s u n m a r k e d 

t h e d a y . I n t h e e v e n i n g s , c e r e m o n i e s a r 

r a n g e d t o s t a r t w h e n t h e m o o n w a s ful l 

o r p a r t l y v is ib le , g a v e m e n a b r o a d e r 

m e a s u r e of t i m e . 

I n t h e i n t e r v a l f r o m ful l m o o n t o ful l 

m o o n , a p p r o x i m a t e l y 2 9 V i d a y s w e r e 

c o u n t e d . T h e n m e n b e g a n t o r e c o r d 

t h e s e m o o n - m o n t h s a n d d i s c o v e r e d t h a t 

1 2 of t h e m a d d e d u p t o a fu l l c y c l e of 

t h e f o u r s e a s o n s . T h e a r i t h m e t i c of o u r 

o w n c a l e n d a r w a s s l owly d e v e l o p i n g . 

What do shadows 
tell us about time? 

S h a d o w s c a s t b y t h e c h a n g i n g p o s i t i o n 

of t h e s u n a r e 

o n e of t h e s im

p l e s t w a y s t o 

m e a s u r e t h e d a y . M e n o b s e r v e d t h a t 

m o r n i n g a n d e v e n i n g s h a d o w s w e r e t h e 

l o n g e s t a n d t h a t a t n o o n , w h e n t h e s u n 

is o v e r h e a d , t h e s h a d o w is t h e s h o r t e s t . 

T h e first s u n d i a l s w e r e t r e e s a n d r o c k s 

a n d t h e n , p e r h a p s , a s t r a i g h t b r a n c h se t 

i n t h e c e n t e r of a c i r c l e of r o c k s . H o u r s 

w e r e a s y e t u n k n o w n , b u t m e n h a d 

l e a r n e d t o d i v i d e t h e t i m e b e t w e e n sun

r i s e a n d s u n s e t i n t o s m a l l e r p e r i o d s . 

Fragments of stone 
found in the ruins of 
ancient Babylonia show 
what appears to be an 
incised (cut in) design 
of a map. The earth 
appears as a disc. 

The astronomer-priests of Babylonia were keen ob
servers of the stars and had a broad knowledge of 
astronomy. ^ 



C a l e n d a r s O l d a n d N e w 

O v e r m a n y t h o u s a n d s of y e a r s , p r i m i t i v e w a y s of life g r a d u a l l y w e r e 

r e p l a c e d b y t h e d e v e l o p m e n t of c iv i l i z a t i on . C i t i e s t o o k f o r m , l e a r n i n g a n d 

k n o w l e d g e i n c r e a s e d i n i m p o r t a n c e , t r a d e r e a c h e d t o f a r a r e a s , a n d sk i l l ed 

c ra f t s m u l t i p l i e d . L i f e b e c a m e m o r e c o m p l i c a t e d a n d m e n b e g a n t o s eek b e t t e r 

w a y s of t e l l i ng t i m e t o g u i d e t h e i r ac t iv i t i e s . 

O n e of t h e first g r e a t a d v a n c e s in t i m e 

t e l l i n g w a s t h e 
Who w e r e the t ime , , , , 

r e m a r k a b l e lu-
tellers of Babylon? 

n a r ( m o o n ) 

c a l e n d a r of t h e a n c i e n t B a b y l o n i a n s . 

T h e s t u d y of t h e h e a v e n s a m o n g t h e s e 

p e o p l e of t h e E u p h r a t e s V a l l e y w a s c a r 

r i e d o n b y t h e a s t r o n o m e r - p r i e s t s , w h o 

b l e n d e d s u p e r s t i t i o n w i t h b r i l l i a n t as

t r o n o m y . 

R e l i g i o u s p r o p h e c y a n d g u i d a n c e 

p r o v e d t o b e p r o f i t a b l e o c c u p a t i o n s 

# 

a m o n g a n u n e d u c a t e d p e o p l e . T h e 

a s t r o n o m e r - p r i e s t s m a n i p u l a t e d t h e i r 

s t a r c h a r t s t o b r i n g t h e m w e a l t h a n d 

p o l i t i c a l a u t h o r i t y . Y e t m u c h of t h e i r 

s c i e n c e of t h e skies , a c h i e v e d w i t h o u t 

t e l e s c o p e s o r fine i n s t r u m e n t s , w a s so 

p r a c t i c a l a n d r e l i a b l e t h a t w e sti l l u s e 

it t o d a y . 

T h e a s t r o n o m e r - p r i e s t s c a r e f u l l y sep

a r a t e d t h e h e a v e n s i n t o a g i a n t c i r c u l a r 

b a n d of 12 e q u a l d i s t a n c e s c a l l e d t h e 

zodiac. E a c h d i s t a n c e w a s iden t i f i ed 

b y a c o n s t e l l a t i o n , o r c l u s t e r of s t a r s , 

t h a t s e r v e d as a s i g n p o s t t o p o i n t o u t 

t h e r o u t e of t h e s u n as i t s e e m e d t o 

p a s s f r o m o n e c o n s t e l l a t i o n t o t h e n e x t . 

A c t u a l l y t h e a s t r o n o m e r - p r i e s t s d i d 

n o t k n o w t h a t i t w a s t h e m o v e m e n t of 

A Babylonian stone cutter makes a "calendar" based 
on the observations of the moon by the astronomers. 



t h e e a r t h t h a t m a d e t h e s u n a p p e a r t o 

b e in m o t i o n . U n l i k e t h e p a s s e n g e r w h o 

r e a l i z e s t h a t i t is a c t u a l l y h i s t r a i n t h a t 

is m o v i n g w h e n t h e l a n d s c a p e s e e m s t o 

r u s h p a s t , t h e a s t r o n o m e r - p r i e s t s w e r e 

d e c e i v e d b y o u r i n a b i l i t y t o see t h e e a r t h 

m o v e . 

T h e s u n t o o k o n e y e a r t o c o m p l e t e i ts 

a p p a r e n t c y c l e 

t h r o u g h t h e 1 2 

s e c t i o n s of t h e zo

d i a c . T h e s o l a r y e a r w a s d i v i d e d i n t o 12 

Why do we have 
twelve months? 

The Babylonian astron
omer-priests divided 
space as well as tim 

Names and figures 
designating the constel
lations of the zodiac 
are still the same. The 
nner band shows the 

Greek signs which we 
still use today. • 

THE TWELVE CONSTELLATIONS OF THE ZODIAC 

L i b r a , t h e B a l a n c e A r i e s , t h e R a m 

T a u r u s , the B u l l 

G e m i n i , t h e T w i n s 

C a n c e r , t h e C r a b 

L e o , t h e L i o n 

V i r g o , t h e V i r g i n 

p a r t s . T h e r e w e r e n o w 12 d i v i s i o n s of 

t h e y e a r , e a c h a n i n t e r v a l of t i m e m a t c h 

i n g t h e 12 z o d i a c m e a s u r e m e n t s of 

d i s t a n c e . 

T h e t i m e i t t o o k f o r t h e s u n t o t r a v e l 

b e t w e e n t w o c o n s t e l l a t i o n s of t h e z o d i a c 

a l s o r o u g h l y e q u a l l e d t h e t i m e r e q u i r e d 

b y t h e m o o n t o c o m p l e t e a l l of i ts 

p h a s e s . B o t h d u r a t i o n s of t i m e w e r e 

w h a t w e n o w c a l l a m o n t h . W i t h t h e 

t w o h e a v e n l y b o d i e s in a g r e e m e n t , t h e 

y e a r b e c a m e 3 6 0 d a y s of 12 e q u a l 

m o n t h s , e a c h m o n t h c o n t a i n i n g 3 0 d a y s . 

T h e z o d i a c is st i l l u s e d b y a s t r o n o 

m e r s t o m a p t h e sk ies a n d a l s o b y p res 

e n t d a y a s t r o l o g e r s , w h o h a v e k e p t a l ive 

t h e h e a v e n l y s u p e r s t i t i o n s of t h e B a b y 

l o n i a n p r i e s t s . T h e y u s e t h e z o d i a c s igns 

t o p r e d i c t t h e f u t u r e of h u m a n affairs . 

I n c u r r e n t E n g l i s h , w o r d s l i ke saturnine, 

moon-struck, ill-starred, lunatic a n d 

capricious a r e p a r t of t h e s u p e r s t i t i o u s 

i n h e r i t a n c e of a s t r o l o g y . 

S c o r p i o , t h e S c o r p i o n 

S a g i t t a r i u s , t h e A r c h e r 

C a p r i c o r n u s , t h e G o a t 

A q u a r i u s , t h e W a t e r c a r r i e r 

P i s c e s , t h e F i s h e s 

8 



The diagram above shows the sun (center), the earth and its orbit, and the apparent circle the constellations of 
the zodiac seem to make around the solar system. 

T h e B a b y l o n i a n s u s e d t h e n u m b e r 6 0 

f o r the stan-
What is unusual about . . ,. 
j . , . 0 da rd of mea-
the number sixty? 

s u r e i n b o t h 

civi l affa i rs a n d a s t r o n o m y . A l t h o u g h 

6 0 w a s a m y s t i c n u m b e r , i t w a s a s im

p o r t a n t t o s c i e n c e a s i t w a s t o r e l i g i o n . 

S ix ty h a s g r e a t v e r s a t i l i t y b e c a u s e i t c a n 

b e d i v i d e d b y m o r e n u m b e r s t h a n a n y 

o t h e r l o w e r n u m b e r . T h i s e a s e of divi

s i o n m a d e 6 0 a n e x c e l l e n t c h o i c e f o r 

scient if ic m e a s u r e m e n t . 

D a y a n d n i g h t w e r e e a c h a s s i g n e d 1 2 

h o u r s in r e c o g n i t i o n of t h e p o w e r of t h e 

z o d i a c . T h e n u m b e r of m i n u t e s i n a n 

h o u r w a s t h e n se t a t 6 0 , a n d e a c h m i n 

u t e w a s s u b d i v i d e d i n t o 6 0 s e c o n d s . If 

y o u l o o k a t y o u r w a t c h , y o u wi l l s ee 

h o w n a t u r a l l y 5 m i n u t e p e r i o d s , q u a r t e r -

h o u r s a n d h a l f - h o u r s a r e d i v i d e d . C o m 

b i n a t i o n s l i ke 10, 2 0 o r 4 0 m i n u t e s a r e 

r e v e a l e d a t a g l a n c e . 

T h e a s t r o n o m e r - p r i e s t s d i v i d e d s p a c e 

a s w e l l a s t i m e . T h e y spl i t t h e c i r c l e i n t o 

3 6 0 d e g r e e s . E a c h d e g r e e h a d 6 0 m i n 

u t e s , a n d e a c h m i n u t e h a d 6 0 s e c o n d s . 

T h e w e e k a n d t h e h o u r a r e i n v e n t i o n s of 

s u p e r s t i t i o n a n d 
Could w e h a v e c o n v e n i e n c e . T h e 

* W 6 | i •> d a y , t h e m o n t h a n d 
forty hour d a y ? •" 

t h e y e a r d e p e n d o n 

t h e m o v e m e n t of b o d i e s i n s p a c e , b u t 

t h e w e e k a n d t h e h o u r a r e ar t i f ic ia l 

m e a s u r e m e n t s t h a t h e l p u s t o o r g a n i z e 

o u r o w n ac t i v i t i e s w i t h o u t a n y d i r e c t i o n 

f r o m n a t u r e . W e p r o b a b l y c o u l d l ive 

j u s t a s c o m f o r t a b l y if o u r d a y w e r e 

d i v i d e d i n t o 2 0 o r 4 0 u n i t s a n d o u r w e e k 

i n t o 6 o r 8 u n i t s . B u t 2 4 h o u r s a n d 7 

d a y s a r e t h e u n i t s t h a t h a v e b e e n w i t h 

u s a l o n g t i m e , a n d a c h a n g e t o n e w 

u n i t s is u n l i k e l y . T h e a n c i e n t S c a n d i 

n a v i a n s , h o w e v e r , h a d a 5 d a y w e e k , 

a n d s o m e t r i b e s in A f r i c a st i l l u s e w e e k s 

of 3 , 4 , 5 , 6 a n d 8 d a y s . 



ENGLISH 

S u n d a y 

M o n d a y 

T u e s d a y 

W e d n e s d a y 

T h u r s d a y 

F r i d a y 

S a t u r d a y 

THE DAYS OF THE WEEK 

ANGLO-SAXON 

S u n ' s d a y 

M o o n ' s d a y 

T i w ' s d a y ( N o r s e g o d of w a r ) 

W o d e n ' s d a y ( N o r s e g o d of s t o r m s ) 

T h o r ' s d a y ( N o r s e g o d of t h u n d e r ) 

F r i g g ' s o r F r e y a ' s d a y 

( N o r s e g o d d e s s of l o v e ) 

S a t e r ' s d a y ( f r o m S a t u r n , t h e 

R o m a n g o d of a g r i c u l t u r e ) 

J •..:. 

T h e B a b y l o n i a n w e e k h o n o r e d t h e s u n , 

t h e m o o n a n d t h e 
How w e r e the , , „« 
. . - , 5 p l a n e t s t h a t w e r e 

d a y s n a m e d ? r 

k n o w n a t t h e t i m e . 

E a c h d a y w a s i n t e n d e d f o r t h e w o r s h i p 

of a d i f fe ren t h e a v e n l y b o d y . O t h e r p e o 

p l e l a t e r d e d i c a t e d t h e d a y s t o o t h e r 

g o d s , a n d a l t h o u g h t h e i r r e l i g i o u s signifi

c a n c e is g o n e , t h e a n c i e n t n a m e s of t h e 

d a y s a r e n o t los t . T h e y h a v e p a s s e d 

t h r o u g h m a n y l a n g u a g e s a n d a r e re

t a i n e d i n m o d e r n E n g l i s h . 

T h e a s t r o n o m e r - p r i e s t s s o o n d i s c o v e r e d 

t h a t t h e i r 1 2 
W h y do w e have . ,. 0 rr, 
, _ m o n t h y e a r of 3 6 0 
leap yea r s? J 

d a y s w a s t o o 

s h o r t . T h e e r r o r of a p p r o x i m a t e l y 5 

d a y s p e r y e a r a c c u m u l a t e d q u i c k l y : i n 

t h e b r ie f t i m e of 6 y e a r s a full m o n t h of 

3 0 d a y s w a s los t . T h e y p a r t i a l l y ove r 

c a m e t h i s de f ic iency b y a d d i n g a th i r 

t e e n t h m o n t h t o t h e s i x t h y e a r . T h e 

c o r r e c t e d c a l e n d a r n o w c o n t a i n e d 5 

c o n s e c u t i v e 12 m o n t h y e a r s f o l l o w e d b y 

1 y e a r w i t h 13 m o n t h s . T h i s w a s t h e 

first c a l e n d a r t o i n t r o d u c e t h e leap year. 

A l e a p y e a r is a n y y e a r w h i c h h a s a n 

e x t r a d a y o r d a y s a d d e d t o i t i n o r d e r 

t o c o m p e n s a t e f o r s h o r t a g e s i n t h e cal

e n d a r . 

I t is a l s o t h e y e a r w h e n t h e l ad i e s 

t r a d i t i o n a l l y a b a n d o n t h e i r g e n t l e m a n 

n e r a n d c h e e r f u l l y c h a s e a f t e r e l ig ib le 

g e n t l e m e n w i t h p r o p o s a l s of m a r r i a g e . 

T o d a y l e a p - y e a r h u s b a n d s a r e h u m o r 

o u s l y r e g a r d e d a s v i c t i m s of unoff ic ia l 

c u s t o m , b u t t h e r u l e s fo r c a t c h i n g a 

b a c h e l o r w i t h t h e h e l p of t h e c a l e n d a r 

w e r e o n c e w r i t t e n i n t o t h e l a w s of s o m e 

c o u n t r i e s . 

O n e of t h e e a r l i e s t of t h e s e l a w s , 

w h i c h m a n y h i s t o r i a n s b e l i e v e is a n 

a m u s i n g m y t h , w a s s u p p o s e d t o h a v e 

b e e n e n a c t e d i n S c o t l a n d i n 1 2 8 8 : " I t 

is s t a t e d a n d o r d a i n e d t h a t d u r i n g t h e 

r e i n ( r u l e ) of h i s m o s t b l e s s e d M a j e s t y , 

f o r e v e r y y e a r e k n o w n a s l e p e y e a r e , 

e v e r y m a i d e n l a d y e of b o t h h i g h a n d 

l o w r a n k s h a l l h a v e l i b e r t y t o p r o p o s e 

t o t h e m a n s h e l ikes , s h o u l d h e r e fu se 

t o t a k e h e r t o b e h i s l awfu l wyfe , h e 
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The chase is on: leap 
year 1288 in Scotland, 
legally sanctioned. 

sha l l b e fined fo r t h e s u m of o n e p o u n d 

o r less, be f i t t ing h i s r a n k ; e x c e p t a n d 

a l w a y s if h e c a n m a k e i t a p p e a r e t h a t h e 

is b e t r o t h e d t o a n o t h e r w o m a n h e t h e n 

sha l l b e f r e e . " 

I n E g y p t , t h e p r i e s t s w e r e a l s o g i f t ed as
t r o n o m e r s . I t 

Why did Egypt ^ ^ t Q 

ignore the leap year? 

e s t a b l i s h t h e 

e x a c t d a t e of t h e first E g y p t i a n c a l e n d a r , 

b u t s o m e h i s t o r i a n s a g r e e t h a t i t w a s 

4 2 4 1 B . C . T h i s d a t e is s o m e t i m e s c a l l e d 

t h e o l d e s t r e c o r d e d y e a r in h i s t o r y . 

S t a r t i n g w i t h a 12 m o n t h y e a r of 3 6 0 

days , t h e E g y p t i a n s e v e n t u a l l y l e a r n e d 

t h a t t h e y n e e d e d m o r e d a y s t o c o m p l e t e 

t h e y e a r . F i v e f ea s t d a y s w e r e a d d e d t o 

t h e e n d of t h e y e a r ; h o w e v e r , t h e n e w 

Houses of worship in Egypt were used not only for 
religious purposes. They were also used as observa
tories for the sun and stars. At Karnak, for instance, 
the temple had a row of columns pointing to the rising 
sun at midsummer's day. Only once in 365 days did 
the sun's rays shine straight along that line. 

11 



The Egyptian pyramids or tombs, shown on page 13, 
were used at the same time by the priests for sighting I 
stars. Priests pinpointed the position of certain stars {' 
in relation to a fixed object. 

Above, Sirius the Dog Star in the con 
stellation of the Greater Dog. 

W T t l e 

LI .; 

- < 

p 

7 ft [ ^ 

• 

The Egyptian astronomer-priests observed 
that flooding of the Nile, so vital for the 
fertility of the soil, took place every year 
soon after the day the brightest star, Sirius 
the Dog Star, appeared before sunrise in 
the sky. This day was the ancient Egyp
tian's New Year's day. On the ceiling of 
an Egyptian tomb, archaeologists have 
found paintings that show the positions of 
Sirius, depicted as a god, and records of 
observations pertaining to Sirius' orbit in 
the year 2035 B.C. At left, a detail from 
this ceiling; above, Nile landscape shortly 
before the rising of the waters. 

c a l e n d a r of 3 6 5 d a y s w a s sti l l i n a c c u 

r a t e . A t r u e s o l a r y e a r ( t h e t i m e i t t a k e s 

t h e e a r t h t o t r a v e l a r o u n d t h e s u n ) 

m e a s u r e s c lo se t o 365V4 d a y s . T h e 

E g y p t i a n c a l e n d a r , l i ke t h e B a b y l o n i a n , 

s l o w l y d r i f t e d a w a y f r o m t h e s e a s o n s , 

l o s i n g o n e q u a r t e r of a d a y e a c h y e a r . 

I n 2 3 8 B . C . P t o l e m y I I I , t h e r u l e r 

of E g y p t , a t t e m p t e d t o r e g a i n t h e los t 

q u a r t e r of a d a y b y i n s e r t i n g i n t o t h e 

c a l e n d a r o n e d a y e v e r y 4 y e a r s . H i s l e a p 

y e a r a m e n d m e n t w a s n o t a c c e p t e d b y 

t h e p r i e s t s , w h o r e f u s e d t o a l t e r t h e 

r o u t i n e of r e l i g i o u s o b s e r v a n c e s w h i c h 

d e p e n d e d o n t h e c a l e n d a r . A l m o s t 2 0 0 

y e a r s a f t e r i t w a s r e j e c t e d i n h i s 
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o w n c o u n t r y , P t o l e m y ' s l e a p y e a r w a s 

a d o p t e d b y J u l i u s C a e s a r . T h e R o m a n 

e m p e r o r d e v e l o p e d a c a l e n d a r t h a t w a s 

t o b e c o m e t h e s t a n d a r d of t h e W e s t e r n 

w o r l d fo r o v e r 1 6 0 0 y e a r s . 

U p t o t h e t i m e of J u l i u s C a e s a r , t h e 

R o m a n s u s e d a 

How w a s the c a l e n d a r t h a t 
ca lendar a b u s e d , 
L. D *> • i o w a s i r r e g u l a r 
by Roman officials? ° 

a n d c o n f u s i n g . 

M o n t h s w e r e s h o r t e n e d o r l e n g t h e n e d 

fo r p o l i t i c a l p u r p o s e s , s o t h a t officials 

c o u l d v a r y t h e i r t e r m s of office t o ac

c o m m o d a t e f a v o r a b l e s c h e m e s . T h e 

c a l e n d a r w a s c h a n g e d so m a n y t i m e s 

An old Roman stone calendar-
almanac of the first century A.D. 
had three months on each of its 
four sides. The front slab carries 
information and advice covering 
the months of January, February 
and March. 

a n d h a d f a l l en so f a r b e h i n d , t h a t i t 

b e c a m e i m p o s s i b l e t o p l a n t h e d e t a i l s 

of c ivi l a d m i n i s t r a t i o n o r t r a d e . 

R e f o r m w a s n e c e s s a r y a n d C a e s a r 

t u r n e d t o t h e G r e e k a s t r o n o m e r Sos ige-

n e s f o r a d v i c e . T h e t w o m e n d e c i d e d 

t o r e p l a c e t h e o l d R o m a n c a l e n d a r w i t h 

MEVSIS 
M\R1!VS 
Dt& \V\I 

Ml\«\ 
Dtu not. xti 
M< VHORXtf 

. 'ANVAR. | TEBKAR 
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The calendar invented by Julius Caesar and Sosigenes was 
used by the Western world from 45 B.C. until 1582 A.D. 

a n a l t e r e d v e r s i o n of t h e s o l a r c a l e n d a r 

of t h e E g y p t i a n s . 

T h e 5 a d d i t i o n a l d a y s p l a c e d a t t h e 

e n d of t h e E g y p t i a n y e a r w e r e a b o l 

i s h e d , a n d e a c h y e a r w a s a s s i g n e d 3 6 5 

c a l e n d a r d a y s . B u t a s t h e a c t u a l l e n g t h 

of t h e y e a r w a s a p p r o x i m a t e l y o n e 

q u a r t e r d a y l o n g e r t h a n 3 6 5 d a y s , 

C a e s a r d e c r e e d t h a t e v e r y f o u r t h y e a r 

s h o u l d b e a l e a p y e a r of 3 6 6 d a y s . T h e 

e x t r a d a y of t h e l e a p y e a r w a s a d d e d 

t o t h e s h o r t e s t m o n t h , F e b r u a r y . 

T h e J u l i a n c a l e n d a r , n a m e d a f t e r J u l i u s 

Caesa r , was 
What was wrong w i th , 
.. . ,. - . . 0 i n a u g u r a t e d 
the Julian Calendar? ° 

J a n u a r y 1 , 

4 5 B . C . A l t h o u g h i t w a s a b o l d a n d 

success fu l c a l e n d a r t h a t w a s s u p e r i o r 

t o i t s p r e d e c e s s o r s , a n e r r o r w a s re

v e a l e d c e n t u r i e s l a t e r . T h e t r u e s o l a r 

y e a r m e a s u r e s 3 6 5 d a y s , 5 h o u r s , 4 8 

m i n u t e s a n d 4 6 s e c o n d s , a figure t h a t 

is 11 m i n u t e s a n d 14 s e c o n d s less t h a n 

t h e 3 6 5 V \ d a y s u s e d b y C a e s a r a n d 

S o s i g e n e s . B e c a u s e t h e R o m a n y e a r 

w a s s l igh t ly l o n g e r t h a n t h e s o l a r y e a r , 

t h e p r a c t i c e of a d d i n g a d a y t o t h e 

f o u r t h y e a r i n t r o d u c e d a n e r r o r of 

a b o u t 3 d a y s e v e r y 4 0 0 y e a r s . 

I n a n c i e n t R o m e a l l m o n t h s e x c e p t 

F e b r u a r y h a d e i t h e r 2 9 o r 3 1 d a y s 

b e c a u s e o d d n u m b e r s w e r e c o n s i d e r e d 

l u c k y . T h e e n d of t h e y e a r w a s t h o u g h t 

t o b e u n l u c k y , a n d F e b r u a r y w a s m a d e 

t h e s h o r t e s t m o n t h a n d g i v e n a n e v e n 

2 8 d a y s . T h i s t r a d i t i o n p a r t l y i n f l u e n c e d 

t h e scient i f ic r e f o r m of C a e s a r . H e 

a s s i g n e d 3 1 d a y s t o s e v e n of t h e m o n t h s ; 

3 0 d a y s , a n u n l u c k y e v e n n u m b e r , t o 

f o u r of t h e m o n t h s ; a n d r e t a i n e d t h e 

s h o r t l e n g t h of 2 8 d a y s fo r F e b r u a r y . 

T h e n a m e s of t h e m o n t h s t h a t w e u s e 

t o d a y a r e d e r i v e d f r o m t h e a n c i e n t 

R o m a n n a m e s . 
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THE MONTHS OF THE YEAR 

JANUARY F r o m t h e d o u b l e - f a c e d 

( 3 1 d a y s ) R o m a n g o d Janus, w h o s e 

t w o f a c e s l o o k e d i n t o b o t h 

t h e p a s t a n d f u t u r e . H e 

i n f l u e n c e d t h e b e g i n n i n g s 

of a l l u n d e r t a k i n g s a n d 

w a s h o n o r e d b y r e c e i v i n g 

t h e n a m e of t h e first m o n t h 

of t h e y e a r . 

FEBRUARY F r o m Februa, a R o m a n 

( 2 8 o r 2 9 f e s t i v a l of p u r i f i c a t i o n , 

d a y s ) h e l d o n F e b r u a r y 15. 

MARCH F r o m Mars, t h e R o m a n 

( 3 1 d a y s ) g o d of w a r . T h e A n g l o -

S a x o n s c a l l e d M a r c h t h e 

" l e n g t h e n i n g m o n t h " be 

c a u s e t h e d a y s g r o w l o n g e r . 

APRIL E x a c t d e r i v a t i o n is u n c e r -

( 3 0 d a y s ) t a i n . A p r i l m a y h a v e c o m e 

f r o m t h e L a t i n v e r b " t o 

o p e n , " aperire, a r e f e r e n c e 

t o t h e s p r o u t i n g o r o p e n 

i n g of v e g e t a t i o n in t h e 

s p r i n g . 

MAY F r o m Maia, t h e R o m a n 

( 3 1 d a y s ) g o d d e s s of g r o w t h . 

JUNE E x a c t d e r i v a t i o n is u n c e r -

( 3 0 d a y s ) t a i n . O n e p o s s i b i l i t y is t h a t 

J u n e w a s n a m e d f o r Juno, 

t h e R o m a n g o d d e s s w h o 

w a s q u e e n of h e a v e n ; it 

a l s o c o u l d h a v e c o m e f r o m 

t h e n a m e Junius. 

&9 

JULY N a m e d f o r J u l i u s C a e s a r , 

( 3 1 d a y s ) w h o w a s b o r n in t h e m o n t h 

of J u l y . 

AUGUST N a m e d fo r t h e R o m a n e m -

( 3 1 d a y s ) p e r o r O c t a v i u s A u g u s t u s 

b e c a u s e of h i s m a n y vic

t o r i e s i n t h i s m o n t h . 

SEPTEMBER F r o m t h e L a t i n septem, 

( 3 0 d a y s ) m e a n i n g s e v e n . I n t h e o l d 

R o m a n c a l e n d a r , S e p t e m 

b e r w a s t h e s e v e n t h m o n t h . 

T h e Swis s ca l l S e p t e m b e r 

Herbstmonat, t h e m o n t h 

of h a r v e s t . 

•it•«*' is: 

OCTOBER 

( 3 1 d a y s ) 

ft 
J ) 

JZ^, 

NOVEMBER 

( 3 0 d a y s ) 

DECEMBER 

( 3 1 d a y s ) 

F r o m t h e L a t i n octo, 

m e a n i n g e igh t . T h e S l a v s 

c a l l e d O c t o b e r t h e " y e l l o w 

m o n t h " t o d e s c r i b e t h e 

t i m e of y e a r w h e n l e a v e s 

t u r n y e l l o w . 

F r o m t h e L a t i n novem, 

m e a n i n g n i n e . T h e " w i n d 

m o n t h " a n d t h e " b l o o d 

m o n t h " w e r e A n g l o - S a x o n 

n a m e s fo r N o v e m b e r . 

F r o m t h e L a t i n decern, 

m e a n i n g t e n . Heligh-

monath ( h o l y m o n t h ) is 

a n o l d S a x o n n a m e f o r 

D e c e m b e r , t h e m o n t h of 

C h r i s t m a s . 
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C a e s a r lef t a v a l u a b l e b e q u e s t t o 

c a l e n d a r s c i e n c e , b u t h i s c a l e n d a r c o u l d 

n o t o u t l i v e i t s e r r o r s . A c h a n g e w a s 

n e e d e d . T h i s t i m e i t w a s a r e l i g i o u s 

g r o u p t h a t p r o d u c e d t h e n e x t g r e a t 

c a l e n d a r r e f o r m . 

C a t h o l i c officials w e r e d i s t u r b e d t o find 

that the er-
How did a "wandering r o r § i n t h e 

holiday'" give us our , ,. , 
' , . - Julian calen-

present calendar? 

d a r w o u l d 

u l t i m a t e l y c a u s e E a s t e r t o a r r i v e i n t h e 

w i n t e r . E a s t e r is t r a d i t i o n a l l y c e l e b r a t e d 

i n t h e s p r i n g , a n d r e l i g i o u s l e a d e r s 

w a n t e d t o p e r p e t u a t e t h e t r a d i t i o n . 

F o r h u n d r e d s of y e a r s u n s u c c e s s f u l 

a p p e a l s f o r a n e w c a l e n d a r h a d b e e n 

m a d e t o r u l e r s a n d p o p e s . F i n a l l y P o p e 

G r e g o r y X I I I d e c i d e d t o g i v e h i s a t t e n 

t i o n t o t h e p r o b l e m of t h e d a t e of E a s t e r . 

I n t h e y e a r 1 5 8 2 A . D . , G r e g o r y , a s s i s t e d 

b y a c o u n c i l of sc ien t i s t s , s t a b i l i z e d t h e 

c a l e n d a r t o w i t h i n 2 6 s e c o n d s of t h e 

s o l a r y e a r — a loss of o n l y o n e d a y i n 

3 , 3 2 3 y e a r s . 

T h i s a c c u r a c y w a s a c h i e v e d w i t h a 

n e w l e a p y e a r r u l e t h a t affects t h e cen 

t u r y y e a r s . C e n t u r y y e a r s a r e t h o s e 

y e a r s t h a t e n d w i t h a d o u b l e z e r o , fo r 

e x a m p l e , 1 8 0 0 a n d 1 9 0 0 . T h e P o p e a n d 

h i s c o u n c i l o r d e r e d t h a t n o c e n t u r y y e a r 

c o u l d b e a l e a p y e a r u n l e s s i t w a s 

d iv i s i b l e b y 4 0 0 . T h u s 1 6 0 0 , 2 0 0 0 a n d 

2 4 0 0 a r e l e a p y e a r s , b u t 1 7 0 0 , 1 8 0 0 a n d 

1 9 0 0 a r e r e g u l a r y e a r s . A l l o t h e r y e a r s 

a d h e r e t o t h e f o u r y e a r r u l e ( o n e 3 6 6 

d a y e v e r y f o u r y e a r s ) of t h e J u l i a n 

c a l e n d a r . T h e o m i s s i o n of 3 l e a p y e a r 

d a y s o u t of e v e r y 4 0 0 y e a r s w a s t h e 

s i m p l e f o r m u l a t h a t r e t i r e d t h e J u l i a n 

c a l e n d a r . 

T h e G r e g o r i a n c a l e n d a r , w h i c h w e u s e 

today, was 
Was Gregory's calendar . , , 
accepted by the world? 4 ^ 

s t a l l e d i n 

S p a i n , P o r t u g a l , F r a n c e , p a r t s of 

I t a l y a n d t h e C a t h o l i c s t a t e s of G e r 

m a n y . T h e P r o t e s t a n t c o u n t r i e s of Swe

d e n a n d D e n m a r k a n d t h e P r o t e s t a n t 

s t a t e s of G e r m a n y a c c e p t e d t h e G r e g o 

r i a n c a l e n d a r i n 1 7 0 0 . G r e a t B r i t a i n 

a n d t h e A m e r i c a n C o l o n i e s m a d e t h e 

c h a n g e in 1 7 5 2 , J a p a n in 1 8 7 3 a n d 

C h i n a in 1 9 1 2 . R u s s i a a d o p t e d t h e 

G r e g o r i a n c a l e n d a r i n 1 9 1 8 b u t l a t e r 

a b a n d o n e d i t t o e x p e r i m e n t w i t h s o m e 

o r i g i n a l c a l e n d a r s . F i v e a n d six d a y 

w e e k s w e r e t r i e d b u t t h e s e w e r e n o t t o o 

success fu l , a n d i n 1 9 4 0 R u s s i a r e t u r n e d 

t o t h e G r e g o r i a n s y s t e m . 

T h e c a l e n d a r t h a t G r e g o r y m o d i f i e d 

a n d p a s s e d o n t o u s r e s e m b l e s a h i s t o r y 

b o o k w i t h p a g e s t h a t m i x n a r r a t i v e s of 

s c i ence , r e l i g i o n , p a g a n l e g e n d s a n d t h e 

p r i v a t e p o l i t i c s of a n c i e n t c iv i l i za t ions . 

A l t h o u g h s o m e of t h e h i s t o r y of t i m e 

m e a s u r e m e n t is t o o o l d a n d d i m t o b e 

r e a d eas i ly , t w o c o n t r i b u t i o n s s t a n d 

o u t a s t h e c l e a r e s t i n f luences o n o u r 

c a l e n d a r . 

T h e first of t h e s e w a s t h e i n s p i r e d 

s o l a r c a l e n d a r s of t h e B a b y l o n i a n s a n d 

E g y p t i a n s . T h e i r s w a s p e r h a p s t h e 

g r e a t e s t a c h i e v e m e n t of c a l e n d a r sci

e n c e , f o r i t c r e a t e d a d e p e n d a b l e s y s t e m 

of t i m e m e a s u r e m e n t t h a t r e g u l a t e d 

h u m a n ac t i v i t i e s t o t h e s e a s o n s . 

O u r s e c o n d d i r e c t l i n k b e t w e e n t h e cal 
e n d a r a n d t h e 

W h y d o w e 
observe a Sabbath? P f t gives us one 

of t h e p a t t e r n s 

of m o d e r n l ife — t h e w e e k l y o b s e r v a n c e 
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The French Revolution 
swept away many old 
traditions. The calendar 
was discarded along 
with Sundays, royalty 
and religious festivals. 
The new calendar had 
different names for the 
months and the days, 
and started with 1792 
to commemorate the 
year of French liberty. 
After a few years, how
ever, the international 
Gregorian Calendar 
was restored: 

* % r > 

The longest night in 
American history oc-
cured on September 2, 
1752 . Dur ing the 
change-over from the 
Julian to the Gregorian 
Calendar, 1 1 days 
were lost. Americans 
who went to bed on the 
night of Sept. 2 woke 
up on the morning of 
September 14. 

The Julian Calendar is 
still used by the Greek 
and Russian Churches. 
People of these faiths 
celebrate Christmas 
after the Catholic and 
Protestant festivals. 



The ruins of the observatory of 
Chichen Itza in Yucatan, Mexico, 
once the center of the second 
Mayan empire. 

The Mayans, had a sun 
calendar, and used 
special numerals 
shaped l ike human 
faces for their records 
of dates. These were 
carved on stone coT̂  
umns called steles. 

of a S a b b a t h . H i s t o r i c a l l y t h i s is t h e 

d e d i c a t i o n , w h i c h w e sti l l o b s e r v e , of 

t h e s e v e n t h d a y of t h e w e e k f o r r e s t 

a n d w o r s h i p . S a b b a t h c o m e s f r o m t h e 

H e b r e w shabbat, m e a n i n g a d a y of 

r e s t . T h e J e w s p e r p e t u a t e d t h i s c u s t o m 

i n o r d e r t o d e v e l o p a b e t t e r w a y of life 

r a t h e r t h a n f o r sc ient i f ic r e a s o n s . 

T h e t r a d i t i o n of t h e S a b b a t h w a s n o t 

f o r m a l l y b l e s s e d u n t i l t h e p r o c l a m a t i o n 

of t h e h o l i n e s s of t h e s e v e n t h d a y i n t h e 

T e n C o m m a n d m e n t s . 

T h e a n c i e n t J e w i s h c a l e n d a r , i n w h i c h 

t h e d a y b e g i n s a t s u n s e t , is u s e d b y t h e 

g o v e r n m e n t of I s r a e l a n d b y J e w s every

w h e r e f o r r e l i g i o u s p u r p o s e s . M o n t h s 

a r e c a l c u l a t e d b y t h e m o o n , a n d t h e 

s u n d e t e r m i n e s t h e y e a r . T h e first y e a r 

is r e c k o n e d f r o m t h e t r a d i t i o n a l C r e a 

t i o n , 3 7 6 1 B . C . , a n d t h e N e w Y e a r 

g e n e r a l l y a r r i v e s i n S e p t e m b e r . V a r y 

i n g f r o m 3 5 3 t o 3 8 5 d a y s , t h e J e w i s h 

y e a r c o n t a i n s 12 m o n t h s of 2 9 t o 3 0 

d a y s e a c h a n d is k e p t u p t o d a t e b y 

i n s e r t i n g a 13 t h m o n t h 7 t i m e s d u r i n g 

e v e r y 19 y e a r p e r i o d . 

Why is the Moslem 
Calendar confusing? 

T h e M o s l e m c a l e n d a r is e v e n m o r e con 

f u s i n g t h a n t h e 

J e w i s h . " T w e l v e 

m o n t h s i s t h e 

n u m b e r of m o n t h s o r d a i n e d b y G o d , 

a c c o r d i n g t o G o d , " is t h e v e r s e of t h e 

K o r a n t h a t e s t a b l i s h e d t h e M o s l e m cal-
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e n d a r . T h e s e w o r d s w e r e t a k e n f r o m a 

p r o c l a m a t i o n of M o h a m m e d , a n d h i s 

f o l l ower s a n a l y z e d t h e P r o p h e t ' s i n t e n t 

in a s t r i c t m a n n e r . 

T h e y c r e a t e d a c o m p l e t e l y l u n a r ca l 

e n d a r t h a t i g n o r e s t h e s u n a n d a l l o w s 

t h e m o n t h s t o w a n d e r w i t h o u t r e g a r d 

t o t h e s e a s o n s . F o r e x a m p l e , o n e y e a r 

t h e m o n t h of Rajah m a y b e a w i n t e r 

m o n t h , b u t s e v e r a l y e a r s l a t e r i t wi l l 

a p p e a r in t h e s u m m e r . F o r t r a d e o r 

i n t e r n a t i o n a l e x c h a n g e , h o w e v e r , M o s 

l ems n o w u s e t h e G r e g o r i a n c a l e n d a r , 

a n d m a n y of t h e i r n e w s p a p e r s a r e 

d o u b l e - d a t e d . 

How are some Oriental 
Calendars arranged? 

T h e C h i n e s e a l s o l ive w i t h t w o ca l en -

d a r s : t h e 

Hsi-li, o r 

G r e g o r i a n 

C a l e n d a r , a n d t h e a n c i e n t ( 2 3 9 7 B . C . ) 

C h i n e s e c a l e n d a r i n w h i c h d a t e s a r e 

g iven b y n a m i n g t h e d a y , t h e m o o n a n d 

the y e a r . T h e d a y s a r e g r o u p e d i n t o 

c y c l e s of 6 0 , s i m i l a r t o o u r w e e k t h a t 

u se s a cyc l e of 7 d a y s . 

I n I n d i a t h e r e a r e c lo se t o t h i r t y dif

f e r e n t c a l e n d a r s , s o m e of w h i c h a r e 

b a s e d o n t h e s u n a n d t h e m o o n , w h i l e 

o t h e r s r e ly o n r e l i g i o u s d o c t r i n e s a n d 

a s t r o l o g y . T h e m u d d l e c a u s e d b y t h e 

h o d g e p o d g e of c o m p e t i n g c a l e n d a r s h a s 

s t i r r e d m a n y I n d i a n l e a d e r s t o w o r k fo r 

a s i m p l e r s y s t e m . S i n c e 1 9 5 7 t h e gov

e r n m e n t h a s officially r e c o m m e n d e d 

t h a t o n l y t w o c a l e n d a r s b e u s e d — t h e 

G r e g o r i a n a n d a n e w n a t i o n a l c a l e n d a r . 

>r- si A. 

4£> <r% "i • -

M 
a : 
{5̂  

, « • . . 

The Aztec calendar was similar to, but not as accurate 
as the one used by the Mayas. Above, an Aztec cal
endar stone — a 50 ton monolith found in Mexico 
in 1790. Its hieroglyphic writing is still not completely 
deciphered. 

T h e s c i ences of a s t r o n o m y a n d m a t h 
e m a t i c s s t i l l 

W h a t w a s the M a y a n , , 
,. . . ... - h a v e n o t b e e n 
Calendar like? 

a c c e p t e d 

e v e r y w h e r e in t h e m o d e r n w o r l d a s t h e 

b a s i s fo r t i m e c h a r t s . P e r h a p s t h i s is 

w h y w e a r e a w e d w h e n w e l o o k b a c k 

2 0 0 0 y e a r s a t a p r i m i t i v e p e o p l e l ike t h e 

M a y a n I n d i a n s of M e x i c o a n d G u a t e 

m a l a , w h o , w i t h o u t t h e t o o l s of o u r ad -
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v a n c e d sc i ence , w e r e a b l e t o d e v e l o p a 

r e m a r k a b l e c a l e n d a r of 3 6 5 . 2 4 d a y s . 

T h e M a y a n y e a r of 3 6 5 d a y s w a s 

d i v i d e d i n t o 18 m o n t h s of 2 0 d a y s e a c h , 

t o w h i c h w e r e a d d e d 5 d a y s . T h e y u s e d 

a p e r i o d of 5 2 y e a r s f o r a l a r g e r u n i t 

of t i m e t h a t w a s c o m p a r a b l e t o o u r 

c e n t u r y . C o r r e c t i o n s w e r e i n t r o d u c e d 

a s r e q u i r e d , a n d d e s p i t e t h e c u m b e r 

s o m e s y s t e m of n u m b e r s , t h e s y m m e t r y 

a n d o r d e r of t h e c a l e n d a r w e r e m a i n 

t a i n e d . 

N o t m u c h is k n o w n a b o u t t h e M a y a n 

s y s t e m of a s t r o n o m y . B u t f o r i t s t i m e 

i t m u s t h a v e b e e n s u p e r l a t i v e ; t h e s e 

p e o p l e a c c u r a t e l y d e t e r m i n e d t h e o r b i t 

of V e n u s w h o w a s w o r s h i p p e d a s t h e i r 

m o s t i m p o r t a n t g o d , a f t e r t h e s u n . 

Would you prefer the 
World Calendar? 

M a n y i m p r o v e m e n t s h a v e b e e n sug

g e s t e d t o e l im

i n a t e t h e in

c o n s i s t e n c i e s 

t h a t s t i l l ex i s t i n o u r p r e s e n t G r e g o r i a n 

c a l e n d a r . F r o m o n e y e a r t o t h e n e x t , 

n e w c a l e n d a r s h a v e t o b e p r i n t e d . N a 

t i o n a l e v e n t s , h o l i d a y s , b i r t h d a y s , r e n t 

a n d i n s u r a n c e p a y m e n t s , p a y d a y s a n d 

a l l of t h e b u s i n e s s a n d r e c r e a t i o n of o u r 

l ive ly soc i e ty n e v e r fal l o n t h e s a m e d a y . 

O n e r e f o r m , c a l l e d t h e W o r l d C a l e n d a r , 

u s e s t h e s a m e c a l e n d a r e v e r y y e a r a n d is 

d e s i g n e d w i t h s i m p l i c i t y a n d a r i t h m e t i 

c a l p r e c i s i o n . T h e y e a r is d i v i d e d i n t o 4 

e q u a l q u a r t e r s of 13 w e e k s e a c h a n d 

e a c h q u a r t e r b e g i n s o n a S u n d a y a n d 

e n d s o n a S a t u r d a y . T h e r e a r e 3 6 4 n u m 

b e r e d d a y s in t h e y e a r , a n d e v e r y m o n t h 

The suggested World Calendar with four equal quar
ters of 13 weeks. W is Worldsday, a world holiday 
which follows December 30 every year. L, another 
world holiday, is Leap Year Day and follows June 30 
in leap years. 
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h a s 2 6 w e e k d a y s i n s t e a d of t h e 2 4 t o 2 7 

t h a t w e n o w h a v e . 

T h e 3 6 5 t h d a y , p l a c e d a f te r D e c e m 

b e r 3 0 , is c a l l e d W o r l d s d a y a n d is 

i n t e n d e d a s a n i n t e r n a t i o n a l h o l i d a y t o 

aff irm t h e b o n d t h a t ex i s t s b e t w e e n a l l 

p e o p l e . I n l e a p y e a r s , t h e e x t r a d a y is 

a d d e d t o t h e e n d of J u n e . 

A t t h e b e g i n n i n g of t h e n e w y e a r t h e 

e x a c t c y c l e is r e p e a t e d , a n d c o r r e s p o n d 

ing d a t e s o c c u r o n t h e s a m e d a y e v e r y 

y e a r . T o i l l u s t r a t e : J u n e 3, w h e t h e r t h e 

y e a r is 1 9 6 5 , 1 9 8 7 o r a n y y e a r s e l e c t e d 

a t r a n d o m , wi l l a l w a y s b e a S u n d a y . 

E v e r y y e a r , C h r i s t m a s , D e c e m b e r 2 5 , 

w o u l d fa l l o n a M o n d a y a n d a l l o w a 

l o n g w e e k e n d . 

A n u m b e r of w o r l d l e a d e r s a n d scien

t i s t s h a v e e n d o r s e d t h e W o r l d C a l e n d a r 

a s a s t a b l e s y s t e m of t i m e m e a s u r e m e n t . 

B u t l i ke m a n y o t h e r w o r t h w h i l e re

f o r m s , b e f o r e t h e W o r l d C a l e n d a r c a n 

b e u n i v e r s a l l y a d o p t e d , i t wi l l h a v e t o 

o v e r c o m e t r a d i t i o n a n d p r e j u d i c e . 

JANUARY 
S M T W T F S 
1 2 3 4 5 6 7 
8 9 10 11 12 13 14 
15 16 17 18 19 20 21 
22 23 24 25 26 27 28 
29 30 31 

FEBRUARY 
S M T W T F S 

1 2 3 4 
5 6 7 8 9 10 11 
12 13 14 15 16 17 18 
19 20 21 22 23 24 25 
26 27 28 29 30 

MARCH 
S M T W T F 

1 
3 4 5 6 7 8 
10 11 12 13 14 15 
17 18 19 20 21 22; 
24 25 26 27 28 29 ; 

APRIL 
S M T W T F S 
1 2 3 4 5 6 7 
8 9 10 11 12 13 14 
15 16 17 18 19 20 21 
22 23 24 25 26 27 28 
29 30 31 

MAY 
S M T W T F S 

1 2 3 4 
5 6 7 8 9 10 11 
12 13 14 15 16 17 18 
19 20 21 22 23 24 25 
26 27 28 29 30 

JUNE 
S M T W T F 

1 
3 4 5 6 7 8 
10 11 12 13 14 15 
17 18 19 20 21 22 
24 25 26 27 28 29 

JULY 
S M T W T F S 
1 2 3 4 5 6 7 
8 9 10 11 12 13 14 
15 16 17 18 19 20 21 
22 23 24 25 26 27 28 
29 30 31 

AUGUST 
S M T W T F S 

1 2 3 4 
5 6 7 8 9 10 11 
12 13 14 15 16 17 18 
19 20 21 22 23 24 25 
26 27 28 29 30 

SEPTEMBER 
S M T W T F 

1 
3 4 5 6 7 8 
10 11 12 13 14 15 
17 18 19 20 21 22 
24 25 26 27 28 29 

OCTOBER 
S M T W T F S 
1 2 3 4 5 6 7 
8 9 10 11 12 13 14 
15 16 17 18 19 20 21 
22 23 24 25 26 27 28 
29 30 31 

NOVEMBER 
S M T W T F S 

1 2 3 4 
5 6 7 8 9 10 11 
12 13 14 15 16 17 18 
19 20 21 22 23 24 25 
26 27 28 29 30 

DECEMBER 
S M T W T F 

1 
3 4 5 6 7 8 
10 11 12 13 14 15 
17 18 19 20 21 22 
24 25 26 27 28 29 



"Father Time" a well 
known figure around 
December 31, once was 
the honored Roman god 
Saturn. His representa
tion today with a scythe 
comes from the confu
sion of Saturn with the 
Greek god of the har
vest, Cronos, who was 
depicted with a sickle. 
Cronos was thought to 
be the Greek equivalent 
of the Roman Saturn. 

T i m e i n t h e S o l a r S y s t e m 

Scient i f ic t i m e k e e p i n g is b a s e d o n o u r k n o w l e d g e of h o w t h e e a r t h , t h e 

s u n a n d d i s t a n t s t a r s m o v e i n r e l a t i o n t o e a c h o t h e r . 

I n t h e p a s t t h e c a l e n d a r a n d t h e c l o c k h a v e m o r e o r less c o r r e s p o n d e d t o 

t h i s m o t i o n t o g i v e u s a r o u g h b a s i s fo r m e a s u r i n g t i m e . B u t sc ien t i s t s t o d a y 

m u s t h a v e f a r m o r e a c c u r a t e k n o w l e d g e of t h e m o t i o n of t h e h e a v e n s . A d v a n c e s 

in p h y s i c s , c h e m i s t r y , b i o l o g y a n d m a t h e m a t i c s h a v e m a d e i t n e c e s s a r y t o 

m e a s u r e t i m e w i t h g r e a t p r e c i s i o n . 

T o a c h i e v e t h i s p r e c i s i o n , a s t r o n o m e r s u s e t h e s o l a r s y s t e m a n d t h e u n i v e r s e 

a s a g i a n t t i m e k e e p e r , w h i l e t h e y i m p r o v e a n d ref ine t h e i r o b s e r v a t i o n s . T h e 

m e a s u r e m e n t of t i m e h a s b e c o m e a s c i e n c e t h a t se rves al l o t h e r sc iences . 

W h e n w e l o o k a t t h e c a l e n d a r t o find 

o u t t h e d a t e , w e a r e , 
How far does m a s e n s e ? c h e c k i n g 
the earth rotate , ., 

. _ a sky m a p t h a t re
in one hour? J r 

v e a l s t h e e x a c t pos i 

t i o n of t h e e a r t h i n i t s o r b i t a r o u n d t h e 

sun . A n d as t h e e a r t h r o t a t e s o n i t s ax i s , 

w e k n o w t h a t t h e h o u r h a n d of t h e c l o c k 

wil l m o v e t w i c e a s fas t . F o r e v e r y 15° 

of r o t a t i o n t h e c l o c k a d v a n c e s o n e h o u r . 

A f t e r t h e e a r t h h a s r o t a t e d 3 6 0 ° , t h e 

h o u r h a n d h a s t u r n e d t w o full c i rc les 

a n d t h e d a y is c o m p l e t e d . 

T h e i n t e r v a l of t i m e n e c e s s a r y fo r t h e 

e a r t h t o t r a v e l a r o u n d t h e s u n is de f ined 

as a y e a r o r , m o r e sc ient i f ica l ly , a s a 

solar year. I t is 3 6 5 d a y s , 5 h o u r s , 4 8 

While the earth makes 
one full turn on its axis, 
the hour hand of the 
clock has to turn twice 
around the dial; for 
every 15° of rotation 
the clock advances one 
hour. 



m i n u t e s a n d 4 6 s e c o n d s l o n g . B e c a u s e 

t h e e a r t h is in c o n t i n u o u s m o t i o n , w e 

find i t c o n v e n i e n t t o m e a s u r e t h e s t a r t 

a n d finish of a s i ng l e s o l a r y e a r f r o m 

o n e v e r n a l e q u i n o x t o t h e n e x t v e r n a l 

e q u i n o x ( s e e F i g u r e 3 o n p a g e 2 4 ) . 

A s t h e e a r t h c o n t i n u e s in i t s o r b i t , i t 

c r e a t e s o n e of t h e 
When d o the g r e a t l e s o f n a _ 

sun's rays slant , . , . 
.. ' ture in which the 
the most? 
the least? * o u r s e a s o n s f o l l o w 

e a c h o t h e r in a se

q u e n c e t h a t is r e p e a t e d e v e r y y e a r . If 

t h e e a r t h s t o o d still i n s t e a d of p u r s u i n g 

i ts p a t h a r o u n d t h e s u n , t h e c l i m a t e in 

a n y specif ic l o c a t i o n w o u l d a l w a y s b e 

t h e s a m e . T h e c l i m a t e a n d t h e s e a s o n s 

v a r y b e c a u s e t h e c o n s t a n t m o t i o n of 

t h e e a r t h c h a n g e s t h e a n g l e of s u n l i g h t . 

A d e s c r i p t i o n of h o w t h e a n g l e of sun

l igh t affects t h e s e a s o n s is g i v e n in 

F i g u r e 6 o n p a g e 2 5 . 

Where does a year 
equal a day? 

O n o t h e r p l a n e t s , t h e s e a s o n s a n d u n i t s 

o f t i m e v a r y 

g r e a t l y f r o m 

t h o s e w e k n o w 

o n e a r t h . A n i n h a b i t a n t of t h e r i n g e d 

p l a n e t S a t u r n w o u l d l ive w i t h a d a y 

t h a t is 10 h o u r s a n d 12 m i n u t e s of o u r 

t i m e a n d a y e a r t h a t e q u a l s 29Vi of 

o u r y e a r s . T h r o u g h t h e t e l e s c o p e w e 

o b s e r v e t h a t t h e p l a n e t V e n u s t a k e s IVi 

m o n t h s t o j o u r n e y a r o u n d t h e s u n , 

w h i l e t h e p l a n e t M a r s m a k e s t h e t r i p i n 

6 8 7 d a y s a n d h a s s e a s o n s a b o u t d o u b l e 

t h e l e n g t h of t h e e a r t h ' s . 

A N e p t u n i a n y e a r e q u a l s 1 6 5 e a r t h 

y e a r s , b u t a d a y o n th i s d i s t a n t p l a n e t 

l a s t s o n l y 15 h o u r s a n d 4 5 m i n u t e s 

w h e n t i m e d b y o u r c l o c k . A c a l e n d a r 

p r i n t e d f o r M e r c u r y w o u l d s h o w n o dif

f e r e n c e b e t w e e n a y e a r a n d a d a y , 

b e c a u s e t h e p e r i o d of r o t a t i o n is iden t i 

ca l t o t h e p e r i o d r e q u i r e d t o c o m p l e t e 

a ful l o r b i t . 

O u r s u n is o n e of m a n y s t a r s in t h e 

u n i v e r s e . T h e r e is s o m e e v i d e n c e t h a t , 

l i ke o u r s u n , o t h e r s t a r s h a v e p l a n e t s 

r e v o l v i n g a r o u n d t h e m . T h e c a l c u l a t i o n 

of t i m e o n o n e of t h e s e p l a n e t s w o u l d 

n o t b e in a n y w a y r e l a t e d t o t h e m o v e 

m e n t s of o u r s o l a r s y s t e m . F o r a n 

i n h a b i t a n t of t h a t p l a n e t , t i m e w o u l d 

d e p e n d so le ly o n t h e s t a r ( s u n ) of t h e 

s o l a r s y s t e m in w h i c h h e l ived . 

What is a 
light year? 

If w e l o o k b e y o n d o u r o w n s o l a r s y s t e m 

i n t o o t h e r a r e a s of t h e 

u n i v e r s e , t h e d i s t a n c e s 

b e c o m e so g r e a t t h a t w e 

c a n n o t u s e o r d i n a r y s y s t e m s of m e a 

s u r e m e n t . W e h a v e t o d e s c r i b e t h e s e 

d i s t a n c e s in light years, a spec i a l u n i t 

of m e a s u r e m e n t t h a t c o m b i n e s b o t h dis

t a n c e a n d t i m e . 

A l i g h t y e a r is t h e d i s t a n c e t h a t l igh t 

t r a v e l s in o n e y e a r . T h e v e l o c i t y of l igh t 

is 1 8 6 , 0 0 0 m i l e s p e r s e c o n d , a n d o n e 

l igh t y e a r is a p p r o x i m a t e l y six t r i l l ion 

mi l e s . 

O n e l i gh t y e a r = 1 8 6 , 0 0 0 

X 6 0 ( n u m b e r of s e c o n d s in a m i n u t e ) 

X 6 0 ( n u m b e r of m i n u t e s in a n h o u r ) 

X 2 4 ( n u m b e r of h o u r s in a d a y ) 

X 3 6 5 1 / ! ( n u m b e r of d a y s in a y e a r ) 

= 5 , 8 8 0 , 0 0 0 , 0 0 0 , 0 0 0 m i l e s 

o r a p p r o x i m a t e l y six t r i l l i on mi les . 

W h e n w e s a y t h a t A l p h a C e n t a u r i , 

t h e n e a r e s t s t a r , is 4Vs l i gh t y e a r s a w a y , 

w e m e a n t h a t i ts d i s t a n c e f r o m t h e e a r t h 

is 4V3 X 6 t r i l l i on , o r 2 6 t r i l l i on mi les . 
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B u t a l igh t y e a r g ives u s i n f o r m a t i o n 

a b o u t t i m e as we l l a s d i s t a n c e , a n d w e 

c a n a l s o s t a t e t h a t l i gh t f r o m t h e s t a r 

will t a k e 4V6 y e a r s t o r e a c h t h e e a r t h . 

L i g h t f r o m o u r o w n s t a r , t h e s u n , 

t a k e s o n l y a l i t t le m o r e t h a n 8 m i n u t e s 

t o r e a c h us . T h e A n d r o m e d a G a l a x y , 

w h i c h c a n b e s e e n o n a c l e a r n i g h t w i t h 

o u t a t e l e s c o p e , is 2 m i l l i o n l igh t y e a r s 

a w a y — a d i s t a n c e of 9 b i l l i on b i l l i on 

mi les . 

L i k e a l l p l a n e t s i n o u r s o l a r s y s t e m , t h e 

e a r t h r e v o l v e s i n i t s 
Can w e rely Q r b i t a n d r o t a t e § Q n 

on the sun to 
measure time? i t s ax i s a t t h e s a m e 

t i m e . D u r i n g r o t a t i o n , 

t h e s u n c r o s s e s e a c h m e r i d i a n ( F i g 

u r e 2 o n p a g e 2 4 ) e v e r y 2 4 h o u r s . T h e 

t i m e t h a t e l a p s e s f r o m o n e n o o n t o t h e 

n e x t , t h a t is, t h e t i m e b e t w e e n t w o suc

cess ive c r o s s i n g s of t h e s a m e m e r i d i a n 

is c a l l e d a n apparent solar day. A s u n 

d ia l t h a t is c a r e f u l l y d e s i g n e d wi l l t h e r e 

f o r e m e a s u r e t h e h o u r s a n d m i n u t e s i n 

a p p a r e n t s o l a r t i m e . 

T h e s u n , h o w e v e r , is a n u n r e l i a b l e 

g u i d e fo r a c c u r a t e t i m e k e e p i n g . T h e 

ve loc i ty of t h e e a r t h in i ts o r b i t v a r i e s 

t h r o u g h o u t t h e y e a r , c a u s i n g t h e ap 

p a r e n t m o t i o n of t h e s u n t o a p p e a r 

i r r e g u l a r . T h e w o r d " a p p a r e n t " is u s e d 

b e c a u s e w h a t s e e m s t o b e t h e m o v e 

m e n t of t h e s u n is a c t u a l l y t h e m o v e 

m e n t of t h e e a r t h . 

A p p a r e n t s o l a r d a y s ref lec t t h e i r r eg

u l a r i t y of t h e e a r t h ' s v e l o c i t y a n d a r e 

n o t e q u a l in l e n g t h . D a y s m e a s u r e d b y 

a p p a r e n t s o l a r t i m e in J u l y a v e r a g e 

15 s e c o n d s s h o r t e r t h a n t h e d a y s i n 

J a n u a r y , a n d D e c e m b e r 2 5 is 5 0 sec

o n d s l o n g e r t h a n S e p t e m b e r 13. 

T o p r o d u c e d a y s of i d e n t i c a l l e n g t h , i t 

w a s n e c e s s a r y t o 
W h y d o w e use c o m p r o m i s e w i t h 
a n imag ina ry sun . , 

. , . _ t h e s o l a r s y s t e m . 
for t imekeep ing? J 

Sc ien t i s t s c r e a t e d 

a n i m a g i n a r y o r h y p o t h e t i c a l s u n w h i c h 

m o v e s t h r o u g h s p a c e w i t h a m e a n , o r 

a v e r a g e , v e l o c i t y of a l l t h e a c t u a l ve loc i 

t i es t h a t t h e r e a l s u n h a s . T h e y a l s o 

i g n o r e d t h e v a r i a t i o n s in v e l o c i t y of t h e 

e a r t h a s i t r o t a t e s o n i t s ax i s a n d f o l l o w s 

i t s o r b i t a r o u n d t h e s u n . I n t h i s mean 

solar system t h e l e n g t h of t h e y e a r is 

n o t c h a n g e d , b u t t h e d a y s a r e a l l as

s i g n e d a n e q u a l l e n g t h of 2 4 h o u r s e a c h . 

M e a n s o l a r t i m e is f r e q u e n t l y c a l l e d 

local time. 

What is a standard 
time zone? 

T h e i m a g i n a r y s u n of t h e m e a n s o l a r 

s y s t e m t r a v e l s 

f r o m t h e e a s t t o 

t h e w e s t a n d 

c i rc les t h e g l o b e in e x a c t l y 2 4 h o u r s . 

L o n g i t u d e s 1° t o t h e e a s t of u s a r e 

4 m i n u t e s a h e a d i n l o c a l t i m e , a n d t h o s e 

1° t o t h e w e s t , w h e r e t h e s u n h a s n o t 

y e t a r r i v e d , a r e 4 m i n u t e s b e h i n d . 

T o d a y , e a c h b a n d of l o n g i t u d e ( s e e 

F i g u r e 2 o n p a g e 2 4 ) h a s i t s o w n l o c a l 

t i m e . Y e a r s a g o , w h e n c l o c k s v a r i e d 

f r o m t o w n t o t o w n , it w a s difficult f o r 

t r a v e l e r s t o m e e t t r a i n s c h e d u l e s a n d t o 

m a k e a p p o i n t m e n t s e v e n s h o r t d i s t a n c e s 

a w a y . I n 1 8 8 3 , t h e U n i t e d S t a t e s a n d 

C a n a d i a n r a i l r o a d s a d o p t e d a s y s t e m for 

s t a n d a r d t i m e . 

I n 1 9 1 8 , t h e U n i t e d S t a t e s C o n g r e s s 

p a s s e d a l a w e s t a b l i s h i n g t h e f o u r S t a n 

d a r d T i m e Z o n e s t h a t w e u s e t o d a y in 

t h e U n i t e d S t a t e s . 

A m e r i d i a n of 15° of l o n g i t u d e sepa 

r a t e s e a c h z o n e . T h e d i v i d i n g l ines , 

CONTINUED ON PAGE 26 



Figure 1. HEMISPHERES OF THE EARTH 

The equator is halfway between the two poles 
and divides the earth into the Northern and South
ern Hemispheres. The earth rotates on its axis at a 
velocity of approximately 1000 miles per hour at 
the equator. It takes the earth 24 hours to turn 
completely through one full rotation. 

Figure 2. GREAT CIRCLES OF LONGITUDE 

The meridians of longitude are imaginary circles 
of equal size which pass through both poles. Green
wich, England, is on the zero meridian. To the east, 
meridians are numbered 15° E, 30° E, 45° E, etc. 
Those to the west are numbered 15° W, 30° W, 
45° W until 180° W, which is the same longitude as 
180° E. The earth rotates 15° or the distance from 
one meridian to the next in 1 hour. 

*oo*» 

*\D' ,*»©*" 

Figure 3. WHEN DAY EQUALS NIGHT 
On or about the dates March 21 and September 

23, the sun is directly above the equator, and night 
and day are each 1 2 hours long everywhere in the 
world. March 21 is called the vernal equinox and 
September 23, the autumnal equinox. 

Figure 4. LONG DAYS AND SHORT NIGHTS 

On June 21 there are 24 hours of daylight in the 
North Pole region and 24 hours of darkness at the 
South Pole. During the summer, countries in the 
northernmost parts of the Northern Hemisphere have 
the longest days and shortest nights. In Stockholm, 
some summer days last for 19 hours while the nights 
are only 5 hours long. 
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PERPENDICULAR TC 
EARTH'S ORBIT , 

EARTH'S ORBIT 

_. SEASONAL VARIATION OF THE 
l-igure o. A N G L E Q F SUNL |GHT 
The vertical beam's of summer sunlight are con

centrated and produce maximum heat. When the 
beams slant, as in the winter (or morning and after
noon of any season), they are thinned out over a 
greater area and the heat is less intense. 

Before the beams reach the surface of the earth, 
they lose some heat to the atmosphere. In the winter 
the volume of atmosphere through whicTi the slanted 
beams pass is larger than in summer and thus more 
heat is absorbed. During the winter this loss of heat 
to the atmosphere causes the surface of the earth to 
be colder than it is in the summer. 

WINTER 
DEC. 21 

Figure 7. ORBIT OF THE FOUR SEASONS 

The seasons are caused by the angle of the sun's 
rays and the changing lengths of day and night. 
The Northern Hemisphere receives direct rays in 
summer and slanted rays in winter. In June the 
rotating earth receives more sunlight (longer days) 
above the equator than it does below. The two 
hemispheres have opposite seasons: when it is sum
mer in New York, it is winter in Sydney, Australia. 

Figure 5. ORBIT OF THE EARTH 

The earth follows the path of an ellipse as it re
volves around the sun. Moving at a velocity of 18.5 
miles per second (666,000 miles per hour), the 
earth takes one year to make a full trip. As it re
volves through its orbit around the sun (causing the 
seasons), the earth also rotates on its axis (causing 
night and day). 

25 



h o w e v e r , a r e n o t s t r a i g h t in o r d e r t o 

a c c o m m o d a t e s o m e s t a t e b o r d e r s a n d 

r a i l r o a d t e r m i n a l s . T h e 15° i n t e r v a l w a s 

c h o s e n b e c a u s e it t a k e s o n e h o u r fo r 

t h e s u n t o c o m p l e t e i t s a p p a r e n t j o u r 

n e y t h r o u g h th i s d i s t a n c e . 

Where is the 
time center for 
the whole world? 

O n e y e a r a f t e r t h e U n i t e d S t a t e s C o n 

g r e s s set u p s t an 

d a r d t i m e z o n e s , 

a n i n t e r n a t i o n a l 

b o d y a g r e e d o n a 

c o r r e s p o n d i n g s y s t e m f o r c o u n t r i e s 

e v e r y w h e r e . S t a r t i n g w i t h 0° a t G r e e n 

w i c h , E n g l a n d , t h e 3 6 0 ° of t h e g l o b e 

w e r e spl i t u p i n t o 2 4 s t a n d a r d t i m e 

m e r i d i a n s of 15° e a c h . T h e 2 4 m e r i d 

i a n s a r e o n e h o u r a p a r t i n t i m e a n d a r e 

t h e b a s i s f o r e x a c t t i m e d e t e r m i n a t i o n s 

o n t h e e n t i r e g l o b e . 

T h e R o y a l O b s e r v a t o r y , f o r m e r l y a t 

G r e e n w i c h a n d n o w a b o u t t h i r t y mi l e s 

a w a y a t H e r s t m o n c e u x , k e e p s t i m e fo r 

a l l n a t i o n s a n d s e n d s o u t t e l e g r a p h a n d 

r a d i o s igna l s t h a t a r e p i c k e d u p b y sh ips , 

o t h e r o b s e r v a t o r i e s a n d a s t r o n o m e r s . 

N a v i g a t o r s o n sh ip s c a l c u l a t e t h e i r lon

g i t u d e b y s u b t r a c t i n g t h e l o c a l t i m e f r o m 

G r e e n w i c h M e a n T i m e a n d m u l t i p l y i n g 

t h e d i f f e rence b y 15°. If it is 3 : 0 0 P . M . 

G r e e n w i c h t i m e a n d t h e l o c a l t i m e o n 

b o a r d s h i p is 1 : 0 0 P . M . , t h e d i f fe rence 

is t w o h o u r s , w h i c h m e a n s t h e s h i p is in 

l o n g i t u d e 30° w e s t . 

U . S . E a s t e r n S t a n d a r d T i m e is 5 h o u r s 

b e h i n d G r e e n w i c h T i m e 

U . S . C e n t r a l S t a n d a r d T i m e is 6 h o u r s 

b e h i n d G r e e n w i c h T i m e 

U . S . M o u n t a i n S t a n d a r d T i m e is 7 h o u r s 

b e h i n d G r e e n w i c h T i m e 

U . S . Pac i f i c S t a n d a r d T i m e is 8 h o u r s 

b e h i n d G r e e n w i c h T i m e 

PACIFIC TIME 

American Standard 
Time zones: The time is 
one hour earlier in each 
zone to the west. At 
1 1 :00 A.M. Eastern 
Standard Time, it is 
10:00 A.M. Central 
Standard Time, 9:00 
A.M. Mountain Stand
ard Time, and 8:00 
A.M. Pacific Standard 
Time. 

MOUNTAIN TIME CENTRAL TIME EASTERN TIME. 

26 



1 A./ 2 A.M. 

3 ^ M H I 

. 12 P.M. 
*• 11 P.M. 

"**~r 

r J r " ' 

• ^ ^ ^ " ' m 

2 P.M. 
1 P.M. 

Pallas ' 

10 P.M. 

• & ' " 

7 P.M. 

# \ 

% 6 P.M. 

5fP.M. 

4 P.M. / 

y 

The international Standard Time Zones are based on the 0° zone at Greenwich being equal to noon. 

STANDARD TIMES IN DIFFERENT CITIES 
OF THE WORLD 

I n s o m e c o u n t r i e s t h e s t a n d a r d t i m e 

differs f r o m t h e a s s i g n e d m e r i d i a n t i m e 

b e c a u s e of s p e c i a l l o c a l o r n a t i o n a l re

q u i r e m e n t s . T h e s t a n d a r d t i m e in sev

e r a l f o r e i g n c i t ies is c o m p a r e d b e l o w 

w i t h t h a t of N e w Y o r k C i t y a t 1 2 : 0 0 

n o o n E a s t e r n S t a n d a r d T i m e . 

A m s t e r d a m 

B a n g k o k 

B o g o t a 

B u e n o s A i r e s 

D e l h i 

H a v a n a 

6 : 0 0 P . M . 

1 2 : 0 0 M i d . 

1 2 : 0 0 N o o n 

( s a m e t i m e ) 

2 : 0 0 P . M . 

1 0 : 3 0 P . M . 

1 2 : 0 0 N o o n 

( s a m e t i m e ) 

H o n g K o n g 

L o n d o n 

M o s c o w 

P a r i s 

M e x i c o C i t y 

T o k y o 

1 : 0 0 A . M . 

( n e x t m o r n i n g ) 

5 : 0 0 P . M . 

8 : 0 0 P . M . 

6 : 0 0 P . M . 

1 1 : 0 0 A . M . 

2 : 0 0 A . M . 

( n e x t m o r n i n g ) 
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The imaginary line at the 180th meridian is the International Date Line. Notice how the Date Line curves away 
from the 1 80th meridian to avoid cutting through the eastern tip of Asia and some of the Island groups. 

H a l f w a y a r o u n d t h e g l o b e f r o m G r e e n 

w i c h , a t t h e 1 8 0 ° m e -

How can ridian of l o n g i t u d e , is 

. S 6 | ». t h e I n t e r n a t i o n a l D a t e 
ga in a d a y ? 

L i n e , w h e r e t h e d a y 

b e g i n s . H e r e , t o d a y m a y b e c o m e t o m o r 

r o w o r i t m a y c h a n g e i n t o y e s t e r d a y , 

d e p e n d i n g o n y o u r d i r e c t i o n of t r a v e l . 

E a c h s ide of t h e D a t e L i n e h a s a 

d i f fe ren t d a y . T o t h e w e s t i t is a d a y 

l a t e r ; t o t h e e a s t a d a y e a r l i e r . W h e n 

y o u s t a r t o u t f r o m t h e w e s t o n a S u n d a y 

a n d c r o s s t h e D a t e L i n e , t h e d a y be

c o m e s y e s t e r d a y , o r S a t u r d a y . R e v e r s i n g 

y o u r r o u t e a n d t r a v e l i n g o n a S a t u r d a y 

f r o m e a s t t o w e s t , t h e d a y b e c o m e s to 

m o r r o w , o r S u n d a y . T h e w h o l e w o r l d 

h a s t h e s a m e d a y o n l y o n t h e i n s t a n t 

t h a t m i d n i g h t o c c u r s o n t h e D a t e L i n e . 

f law i n o u r m e a s u r e m e n t of t h e e a r t h ' s 

r o t a t i o n , s o t h a t a m o r e a c c u r a t e s t u d y 

of t h e h e a v e n s is p o s s i b l e . 

A f t e r t h e e a r t h h a s c o m p l e t e d a full 

r o t a t i o n of 3 6 0 ° , i t m u s t t u r n a p p r o x i 

m a t e l y 1° m o r e t o r e s u m e t h e s a m e 

r e l a t i v e p o s i t i o n i t h a d t o t h e s u n 2 4 

h o u r s e a r l i e r . T h e s m a l l a d d i t i o n a l t u r n 

e n a b l e s t h e e a r t h t o c o m p e n s a t e fo r t h e 

d i s t a n c e i t t r a v e l s i n o r b i t w h i l e i t ro 

t a t e s . A m o r e a c c u r a t e m e a s u r e m e n t of 

t h e 3 6 0 ° r o t a t i o n is p o s s i b l e if t h e e a r t h 

is c h e c k e d a g a i n s t a b r i g h t s t a r w h o s e 

g r e a t d i s t a n c e m a k e s t h e a m o u n t of 

e a r t h ' s o r b i t a l t r a v e l of l i t t l e m a t h e 

m a t i c a l i m p o r t a n c e . T h e s i d e r e a l d a y 

p r o d u c e d b y t h i s m e a s u r e m e n t is t h e 

t i m e t h a t t h e e a r t h r e q u i r e s t o c o m p l e t e 

o n e r o t a t i o n w i t h r e s p e c t t o t h e s t a r s . 

T h e c a l c u l a t i o n s of a s t r o n o m e r s fre

q u e n t l y r e q u i r e t h e u s e of 

sidereal time ( f r o m sidus, 

t h e L a t i n w o r d f o r s t a r ) . 

S i d e r e a l t i m e , o r s t a r t i m e , c o r r e c t s a 

What is 
star time? 

T h e d a y c a l c u l a t e d b y t h e s t a r s is a b o u t 

4 m i n u t e s s h o r t e r 
Why is star . ., 
. _. ._ t h a n t h e m e a n so-

t ime unpract ical? 

l a r d a y a n d c a n 

n o t b e u s e d fo r r e g u l a t i n g civi l affairs . If 
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w e t r i e d t o k e e p t i m e b y t h e s i d e r e a l 

sy s t em, w h i c h is a l w a y s a h e a d of t h e 

s u n ' s cyc le , t h e s i d e r e a l c l o c k w o u l d 

lose 4 m i n u t e s f r o m e v e r y s o l a r d a y . 

B e c a u s e t h e l o s t m i n u t e s w o u l d a d d u p 

f r o m d a y t o d a y , t h e c l o c k s a n d w a t c h e s 

t h a t w e use , w h i c h a r e g u i d e d b y t h e 

p o s i t i o n of t h e s u n , w o u l d b e c o m e p r a c 

t i ca l ly use less . 

O n a b o u t M a r c h 2 1 , w h e n t h e n o o n 

s u n is d i r e c t l y o v e r h e a d , b o t h t h e s ide

r e a l a n d s o l a r s y s t e m s h a v e t h e s a m e 

t i m e . O n e m o n t h l a t e r , a p e r s o n w h o 

l ived b y t h e s i d e r e a l s y s t e m w o u l d f ind 

t h a t a t n o o n s o l a r t i m e h i s c l o c k r e a d 

t w o P . M . T h r e e m o n t h s a f t e r M a r c h 

2 1 , i n s t e a d of i n d i c a t i n g n o o n , h i s c l o c k 

w o u l d te l l h i m t h a t i t w a s s ix P . M . 

R e g u l a r e v e n t s , l i ke m e a l s , w o r k i n g 

h o u r s , a n d s l eep w o u l d f o l l o w a c o n 

fus ing s c h e d u l e t h a t c h a n g e d da i l y . 

A s t r o n o m e r s w o r k w i t h t h e s i d e r e a l 

s y s t e m , b u t t h e c l o c k s a n d w a t c h e s t h a t 

w e u s e f o r o r d i n a r y p u r p o s e s a r e r e g u 

l a t e d t o m e a n s o l a r t i m e . 

What time system 
is used by the 
armed services? 

W e d i v i d e t h e d a y i n t o t w o 1 2 - h o u r 

p e r i o d s , a n d al

t h o u g h t h e h o u r s 

a r e c a l c u l a t e d 

f r o m t h e pos i 

t i o n of t h e n o o n s u n , t h e d a y i tself of

ficially s t a r t s a t m i d n i g h t . T h e first 1 2 

h o u r s a r e d e s i g n a t e d A . M . ( f r o m t h e 

L a t i n ante meridiem, m e a n i n g b e f o r e 

n o o n ) , a n d t h e 1 2 h o u r s t h a t f o l l o w 

n o o n a r e d e s i g n a t e d P . M . ( f r o m t h e 

L a t i n post meridiem, m e a n i n g a f t e r 

n o o n ) . 

T h e U n i t e d S t a t e s m i l i t a r y f o r c e s a n d 

s o m e E u r o p e a n c o u n t r i e s a v o i d t h e p o s 

sibi l i t ies of e r r o r a n d c o n f u s i o n in t h e 

A . M . a n d P . M . s y s t e m b y u s i n g a 24 -

h o u r c l o c k . H e r e a r e s o m e e x a m p l e s of 

t h e 2 4 - h o u r c l o c k : 

.M. AND P.M. CLOCK 

9 : 0 0 A . M . 

2 : 1 5 A . M . 

1 2 : 0 0 n o o n 

1 2 : 0 0 m i d n i g h t 

3 : 3 0 P . M . 

1 1 : 5 9 P . M . 

24-HOUR CLOCK 

0 9 0 0 

0 2 1 5 

1 2 0 0 

0 0 0 0 

1 5 3 0 

2 3 5 9 

How are the hours of 
daylight increased? 

A n o t h e r c h a n g e i n t h e t i m e s y s t e m , 

k n o w n a s 

D a y l i g h t Sav-

i n g T i m e , 

c r e a t e d e x t r e m e s of a n t a g o n i s m a n d 

p o p u l a r a p p r o v a l w h e n i t w a s first dis

c u s s e d b y t h e p u b l i c . 

T h e L o n d o n b u i l d e r , W i l l i a m W i l -

le t t , w h o p r o p o s e d D a y l i g h t S a v i n g 

T i m e in 1 9 0 7 , w a n t e d t o g ive p e o p l e 

m o r e o p p o r t u n i t y t o e n j o y t h e o u t d o o r s 

a f t e r t h e y finished w o r k . H e s u g g e s t e d 

t h a t t h e b e s t w a y t o g a i n s u c h l e i s u r e 

A 24-hour clock eliminates possible confusion. 
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w a s t o a d v a n c e t h e c l o c k o n e h o u r d u r 

i n g t h e t i m e of l o n g s u m m e r d a y l i g h t . 

W i l l e t t w a s p r o m p t l y c a l l e d a h u 

m a n i t a r i a n b y h i s a d m i r e r s . W i t h e q u a l 

p r o m p t n e s s , h e w a s c a l l e d a l u n a t i c b y 

m a n y d e t r a c t o r s , s o m e of w h o m ac

c u s e d h i m of m e d d l i n g w i t h " G o d ' s 

t i m e . " O f c o u r s e t h e r e is n o t i m e k e e p i n g 

s y s t e m , e i t h e r scient i f ic o r r e l i g ious , 

t h a t c a n b e c a l l e d G o d ' s t i m e . E v e r 

s i nce a s t r o n o m y b e c a m e a s c i ence , t h e 

Farmers frequently oppose Daylight Savings Time. 
They claim, with understandable indignation, that 
they and their livestock get up early enough even 
when the clock is set at Standard Time. 

h o u r s t h a t g o v e r n t h e d a y h a v e b e e n 

c h a n g e d b y f o r w a r d t h i n k i n g m e n w h o 

h o p e d t o b e t t e r o u r w a y of l iv ing . 

D a y l i g h t S a v i n g T i m e w a s t r i e d b y 

E n g l a n d a n d t h e U n i t e d S t a t e s d u r i n g 

t h e first W o r l d W a r a s a c o n t r o l f o r re

d u c i n g fue l a n d p o w e r c o n s u m p t i o n . 

S i n c e t h e n i ts a d o p t i o n h a s b e e n n a t i o n 

w i d e i n E n g l a n d , b u t in o u r c o u n t r y t h e 

u s e of D a y l i g h t S a v i n g T i m e is l i m i t e d 

t o t h o s e c o m m u n i t i e s a n d s t a t e s t h a t 

f a v o r i t . D a y l i g h t S a v i n g T i m e in t h e 

U n i t e d S t a t e s g e n e r a l l y r e q u i r e s t h a t 

c l o c k s b e t u r n e d a h e a d 1 h o u r a t t h e e n d 

of A p r i l a n d t h e n t u r n e d b a c k 1 h o u r 

a t t h e e n d of S e p t e m b e r o r O c t o b e r . 

HOW TO CHECK YOUR WATCH BY THE STARS 

F o l l o w t h e p a t h of a s t a r f o r 2 con 

s e c u t i v e n i g h t s , a n d y o u wil l d i s c o v e r 

h o w a s t r o n o m e r s u s e t h e u n i v e r s e t o 

c h e c k t i m e . O n t h e s e c o n d n i g h t y o u 

wil l see t h e s t a r a p p e a r a t t h e i d e n t i c a l 

s p o t i n t h e h e a v e n s 3 m i n u t e s a n d 5 6 

s e c o n d s e a r l i e r t h a n i t d i d o n t h e first 

n i g h t . T h u s if a s t a r is i n a c e r t a i n pos i 

t i o n a t 9 : 1 5 P . M . , t h e n e x t n i g h t i t wil l 

b e i n t h e s a m e p o s i t i o n a t 4 s e c o n d s 

a f t e r 9 : 1 1 P . M . Y o u c a n u s e t h i s de

p e n d a b l e t i m e r e l a t i o n s h i p b e t w e e n t h e 

e a r t h a n d t h e s t a r s t o find o u t h o w ac

c u r a t e l y y o u r w a t c h k e e p s t i m e . 

S t a n d a t a w i n d o w t h a t f aces s o u t h 

a n d se lec t a c h i m n e y o r t h e e d g e of a 

h i g h b u i l d i n g t o b e y o u r r e f e r e n c e g u i d e . 

T h e n t a p e a p i e c e of c a r d b o a r d w h i c h 

h a s a s m a l l h o l e in i t t o t h e w i n d o w . 

T h e c a r d b o a r d s h o u l d b e p o s i t i o n e d so 

t h a t y o u c a n see t h e r e f e r e n c e g u i d e a n d 

a l s o o b s e r v e s o m e of t h e n e a r b y s t a r s . 

D o n o t c o n f u s e a s t a r w i t h a p l a n e t . 

B e c a u s e of t h e i r g r e a t d i s t a n c e f r o m t h e 

e a r t h , s t a r s g e n e r a l l y a p p e a r s m a l l e r 

t h a n p l a n e t s . T h e y h a v e a t w i n k l i n g 

l igh t , w h i l e p l a n e t s ref lec t a s t e a d y , 

m o r e c o n s t a n t l i gh t . A n o t h e r a n d pe r 

h a p s b e t t e r w a y t o te l l w h e t h e r a b o d y 

i n t h e h e a v e n s is a s t a r o r a p l a n e t , is t o 

s t u d y i t s m o v e m e n t fo r a f ew n i g h t s . 

A p l a n e t m o v e s i n d e p e n d e n t l y i n t o n e w 

p o s i t i o n s w h e n o b s e r v e d a g a i n s t t h e 

b a c k g r o u n d of t h e o t h e r h e a v e n l y b o d 

ies ; s t a r s a p p e a r t o m o v e in g r o u p s o r 

c o n s t e l l a t i o n s . 

A f t e r y o u h a v e v i e w e d t h e m o v e 

m e n t s of s o m e of t h e s t a r s t o w a r d s y o u r 

b u i l d i n g o r c h i m n e y r e f e r e n c e g u i d e , 

c h o o s e o n e of t h e m fo r y o u r t i m e exper i -
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m e n t . A s s o o n a s t h i s s t a r d i s a p p e a r s 

b e h i n d t h e r e f e r e n c e g u i d e , w r i t e d o w n 

t h e e x a c t t i m e s h o w n o n y o u r w a t c h . 

T h e n e x t n i g h t , w i t h t h e c a r d b o a r d 

still in p o s i t i o n , u s e t h e s a m e s t a r a n d 

t h e s a m e r e f e r e n c e g u i d e a n d r e p e a t 

y o u r o b s e r v a t i o n . 

If y o u r w a t c h is a c c u r a t e , t h e s t a r wi l l 

d i s a p p e a r 3 m i n u t e s a n d 5 6 s e c o n d s 

s o o n e r t h a n t h e p r e v i o u s n i g h t . A w a t c h 

t h a t is s l o w wil l s h o w a g r e a t e r t i m e loss . 

O n e t h a t is fas t wi l l s h o w less of a 

t i m e loss. Lining up a star to check your watch. 

HOW TO FIND DIRECTIONS BY USING YOUR WATCH AND THE SUN 

Y o u c a n t u r n y o u r w a t c h i n t o a c o m 

p a s s a n y d a y t h a t t h e s u n is s h i n i n g . 

F i r s t c r e a t e a s h a d o w p o l e b y s e t t i n g a 

s m a l l t w i g o r a m a t c h s t i c k i n t o t h e 

g r o u n d so t h a t i t s t a n d s s t r a i g h t u p . 

T h e n p l a c e y o u r w a t c h flat o n t h e 

g r o u n d w i t h i t s e d g e a g a i n s t t h e s h a d o w 

p o l e . T u r n t h e w a t c h u n t i l t h e h o u r 

h a n d is c o v e r e d b y t h e s h a d o w . T h e 

h o u r h a n d is n o w p o i n t i n g d i r e c t l y a t 

t h e s u n . 

S o u t h lies h a l f w a y b e t w e e n t h e h o u r 

h a n d a n d t h e n u m b e r 12. A s a n ex

a m p l e , i m a g i n e t h a t t h e s h a d o w fal ls o n 

4 . T h e n u m b e r 2 w o u l d t h e n p o i n t 

s o u t h . If y o u t h e n f a c e s o u t h , w e s t is t o 

y o u r r i g h t , e a s t t o y o u r left , a n d n o r t h 

b e h i n d y o u . If y o u a r e in a n a r e a u s i n g 

d a y l i g h t s a v i n g t i m e , i t is e a s y t o m a k e 

a c o r r e c t i o n fo r t h e h o u r t h a t y o u r 

w a t c h is se t a h e a d . F o l l o w t h e s a m e 

p r o c e d u r e w i t h o n l y o n e c h a n g e : find 

s o u t h b y t a k i n g t h e h a l f w a y m a r k be

t w e e n t h e h o u r h a n d a n d t h e n u m b e r 1. 

31 



T i m e k e e p e r s F r o m F i r e t o t h e A t o m 

Sc ien t i s t s h a v e l e a r n e d t o sp l i t t i m e i n t o f r a g m e n t s s m a l l e r t h a n a b i l l i o n t h 

of a s e c o n d . B y i n d u c i n g v i b r a t i o n s in s e l e c t e d a t o m s , t h e y d e v e l o p e d a n 

a t o m i c c l o c k t h a t r e p r e s e n t s t h e g r e a t e s t a d v a n c e e v e r m a d e in t h e fine.division 

of t i m e . T h e l o n g g r o w t h t h a t u l t i m a t e l y l e d f r o m t h e first t i m e k e e p e r s t o a n 

u n d e r s t a n d i n g of t h e e n e r g y of a v i b r a t i n g a t o m , ref lec ts g r e a t c h a n g e s in t h e 

s o c i a l a n d scient i f ic b a c k g r o u n d of t i m e m e a s u r e m e n t . O u r p r e s e n t - d a y a t o m i c 

c l o c k is t h e p r o d u c t of m a n y p r o f o u n d a d v a n c e s i n s c i ence . I t s d i s t a n t a n c e s t o r s 

w e r e c r e a t e d f r o m f a r s i m p l e r r e s o u r c e s , l i ke fire, w a t e r , s a n d a n d s u n . 

S o m e of t h e first a t t e m p t s t o r e c o r d 

t i m e u t i l i z e d t h e 
How did fire , , , 

help to tell t ime? f ^ a n d r e g u l a r 

b u r n i n g of a fuel . 

B a c k i n a r e m o t e p e r i o d of C h i n e s e his

t o r y , d a m p e n e d r o p e s w e r e k n o t t e d a t 

e q u a l i n t e r v a l s a n d t h e n i g n i t e d . A s t h e 

fire s m o l d e r e d p a s t e a c h k n o t , a p p r o x i 

m a t e u n i t s of t i m e w e r e c o u n t e d off. 

A s i m i l a r t i m e k e e p e r m a d e of c a n d l e s 

w a s i n v e n t e d i n 8 7 0 A . D . b y A l f r e d t h e 

G r e a t of E n g l a n d . E a c h c a n d l e l a s t e d 

f o u r h o u r s a n d h a d t h r e e m a r k i n g s p e r 

h o u r . A f t e r o n e c a n d l e b u r n e d d o w n , 

A l f r e d ' s p r i e s t s l i t a n o t h e r , m a i n t a i n i n g 

a p e r p e t u a l c a n d l e c l o c k t h a t c o n s u m e d 

i tself . O i l l a m p s w e r e a l s o u s e d t o sub

d i v i d e t h e d a y . T h e r e s e r v o i r h a d a 

v e r t i c a l s c a l e w h i c h m e a s u r e d t h e de

c r e a s i n g l eve l of t h e oi l a s i t b u r n e d 

t h r o u g h t h e w i c k . 

W e d o n o t k n o w t h e e x a c t d a t e w h e n 

s u n d i a l s w e r e first 

CHINESE ROPE CLOCK 

Where does 
the rod of a 
sundial point? 

u s e d , b u t t h e y a r e 

a t l e a s t 4 , 0 0 0 y e a r s 

o l d a n d a r e o f 

B a b y l o n i a n o r i g i n . A b o u t 7 0 0 B . C . , 

t h e B i b l i c a l p r o p h e t I s a i a h c o m f o r t e d 

t h e s ick k i n g H e z e k i a h b y c a u s i n g t i m e 

t o m o v e b a c k w a r d o n t h e s u n d i a l of 

A h a z . T h e s t o r y is t o l d in t h e th i r ty -

e i g h t h c h a p t e r of I s a i a h : 

" B e h o l d , I wi l l b r i n g a g a i n t h e 

s h a d o w of t h e d e g r e e s , w h i c h h a s g o n e 

d o w n i n t h e s u n d i a l of A h a z , t e n 

d e g r e e s b a c k w a r d . S o t h e s u n r e t u r n e d 

t e n d e g r e e s , b y w h i c h d e g r e e s it w a s 

g o n e d o w n . " 

A l l s u n d i a l s m e a s u r e a p p a r e n t s o l a r 

t i m e . T h e y g e n e r a l l y h a v e a r o d t h a t 

c a s t s a s h a d o w o n a d i a l m a d e w i t h 

l ines fo r t h e d i f fe ren t h o u r s . 



GARDEN SUN-DIAL 
18TH CENTURY 

RING SUN-DIAL 
18TH CENTURY 

PORTABLE BOOK SUN-DIAL 
17TH CENTURY 

PORTABLE PILLAR DIAL 
17TH CENTURY 

i 

SIGNAL CANON SUN-DIAL 16TH CENTURY 

ANGEL HOLDING A SUN-DIAL. THE 
SCULPTURE IS ON THE 13TH CENTURY 
CATHEDRAL OF CHARTRES, FRANCE. 

PART OF THE OBSERVATORY OF 
JAIPUR WITH GIANT SUN-DIAL 



T h e r o d p o i n t s t o t h e t r u e n o r t h o r 

s o u t h p o l e , a n d is b u i l t t o f o r m a n a n g l e 

w i t h t h e d i a l e q u a l t o t h e l a t i t u d e w h e r e 

t h e s u n d i a l is l o c a t e d . 

S o m e s u n d i a l s w e r e c r u d e a n d i n a c 

c u r a t e w h i l e o t h e r s p r o d u c e d su rp r i s 

i n g l y p r e c i s e m e a s u r e m e n t s . T h e i r s izes 

a n d s h a p e s v a r i e d f r o m t h e s m a l l p o c k e t 

i n s t r u m e n t s , p o p u l a r i n t h e e i g h t e e n t h 

c e n t u r y , t o t h e g i a n t s u n d i a l of J a i p u r , 

I n d i a , w h i c h h a s a d i a l 1 0 0 fee t i n d ia 

m e t e r a n d a r o d 1 4 7 fee t l o n g . O n e 

u n u s u a l E u r o p e a n s u n d i a l of t h e 1 5 0 0 ' s 

u s e d a m a g n i f y i n g g l a s s t o c o n c e n t r a t e 

t h e r a y s of t h e n o o n s u n o n t h e p o w d e r 

c h a r g e of a s m a l l c a n n o n . T h e b l a s t , 

l i ke a 12 o ' c l o c k f a c t o r y w h i s t l e , w a s a 

t i m e s i g n a l t o e v e r y b o d y w h o h e a r d i t . 

HOW TO MAKE A CANDLE CLOCK 

O b t a i n t w o c a n d l e s , a b o u t five i n c h e s 

l o n g . T h r o u g h a s m a l l p i e c e of b o a r d , 

a b o u t ha l f a n i n c h t h i c k , h a m m e r t w o 

n a i l s a b o u t a n i n c h l o n g , a n d a b o u t 

a n i n c h a p a r t . P l a c e t h e b o a r d , w i t h 

t h e n a i l p o i n t s s t i c k i n g u p , o n a 

t a b l e . P u s h a c a n d l e d o w n o n e a c h n a i l 

u n t i l t h e b o t t o m of t h e c a n d l e t o u c h e s 

t h e b o a r d . T h e c a n d l e s a r e n o w h e l d 

s t e a d y so t h a t t h e y wi l l n o t fa l l o v e r 

w h e n l i t . 

P l a c e a w a t c h o n t h e t a b l e n e a r t h e 

c a n d l e s . L i g h t o n e of t h e c a n d l e s , a n d 

n o t e e x a c t l y w h a t t i m e y o u li t i t . (CAU

TION! B e s u r e t h a t y o u c l o s e t h e b o x 

of m a t c h e s o r t h e c o v e r of t h e b o o k of 

m a t c h e s b e f o r e y o u s t r i k e a m a t c h ! ) 

W h e n t h e c a n d l e h a s b u r n e d fo r five 

m i n u t e s , n o t e h o w f a r d o w n i t h a s 

b u r n e d , a n d m a k e a m a r k o r s c r a t c h 

o n t h e o t h e r c a n d l e a t t h e s a m e level . 

W a i t a n o t h e r five m i n u t e s , a n d m a k e 

a n o t h e r m a r k o n t h e u n l i t c a n d l e . D o 

th i s e v e r y five m i n u t e s u n t i l t h e c a n d l e 

is b u r n e d t o t h e b o t t o m . If y o u h a v e a 

c a n d l e t h a t b u r n s so s l owly t h a t t h e 

d i s t a n c e b u r n e d in five m i n u t e s is v e r y 

s m a l l , m a r k t h e u n l i t c a n d l e a t 10 o r 

15 m i n u t e i n t e r v a l s . 

W i t h w a t e r - c o l o r s o r o t h e r p a i n t s , 

m a r k c i r c l e s a r o u n d t h e u n l i t c a n d l e 

w h e r e y o u h a v e m a d e t i m e - i n t e r v a l 

m a r k s . T h e d i s t a n c e b e t w e e n o n e r i n g 

a n d t h e n e x t r e p r e s e n t s five m i n u t e s ( o r 

10 o r 15 m i n u t e s ) w h e n t h e c a n d l e is 

b u r n i n g . T h u s , y o u h a v e m a d e a c a n 

d l e c l o c k w i t h w h i c h y o u c a n te l l t i m e . 
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HOW TO MAKE A SUNDIAL 

O b t a i n a flat b o a r d , a b o u t o n e f o o t 

s q u a r e . U s i n g a d r a w i n g c o m p a s s o r a 

p e n c i l o n t h e e n d of a s t r i n g , d r a w a 

c i r c l e e i g h t i n c h e s in d i a m e t e r o n t h e 

b o a r d . I n t h e c e n t e r of t h e c i rc le , g l u e 

o r c e m e n t a w o o d e n s p o o l of t h e k i n d 

o n w h i c h t h r e a d is w o u n d . M a k e s u r e 

t h a t t h e h o l e i n t h e c e n t e r of t h e s p o o l 

is d i r e c t l y o v e r t h e c e n t e r of t h e c i rc le . 

P l a c e a s h a r p e n e d p e n c i l , e r a s e r e n d 

d o w n , i n t o t h e h o l e in t h e s p o o l . Y o u 

m a y h a v e t o s h a v e t h e e n d of t h e p e n c i l 

w i t h a k n i f e o r s a n d p a p e r , a n d r e m o v e 

t h e e r a s e r , in o r d e r t o m a k e t h e p e n c i l 

fit i n t o t h e h o l e . 

H a m m e r a n a i l a s h o r t d i s t a n c e i n t o 

t h e b o a r d , n e a r o n e c o r n e r . M a k e s u r e 

t h e n a i l is l o n g e n o u g h so t h a t it s t i cks 

u p h i g h e r t h a n t h e t o p of t h e s p o o l . 

J u s t b e f o r e d a w n o n a s u n n y d a y , p l a c e 

t h e b o a r d o n a w i n d o w sill t h a t f aces 

s o u t h o n flat , o p e n g r o u n d , o r o n s o m e 

o t h e r h o r i z o n t a l s u p p o r t w h e r e s u n l i g h t 

c a n r e a c h i t a l l d a y l o n g . W i t h y o u r e y e 

o n a leve l w i t h t h e t o p of t h e s p o o l , p i c k 

o u t s o m e o b j e c t s e v e r a l f ee t a w a y , p e r 

h a p s t h e e d g e of a w i n d o w in a h o u s e 

d o w n t h e s t r ee t . T h e n t u r n t h e b o a r d 

so t h a t y o u see t h e p e n c i l , t h e n a i l , a n d 

t h e d i s t a n t o b j e c t i n a s t r a i g h t l ine . 

L e a v e t h e b o a r d in t h i s p o s i t i o n . 

A s s o o n a s t h e s u n b e g i n s t o c a s t t h e 

s h a d o w of t h e p e n c i l o n t h e b o a r d , 

n o t e t h e t i m e o n y o u r w a t c h o r l i s t en 

f o r r a d i o t i m e s igna l s . W h e n t h e first 

h o u r o n t h e h o u r a r r i v e s — fo r ex

a m p l e , 7 a . m . — m a k e a p e n c i l m a r k 

o n t h e b o a r d e x a c t l y w h e r e t h e s h a d o w 

of t h e p e n c i l p o i n t is. L a b e l t h i s m a r k 

7 . D o t h e s a m e a t e i g h t o ' c l o c k a n d 

e a c h h o u r t h e r e a f t e r u n t i l s u n d o w n , 

l a b e l i n g e a c h m a r k w i t h t h e n u m b e r of 

t h e h o u r a t w h i c h t h e m a r k w a s m a d e . 

F o r i n s t a n c e , a t f o u r p . m . , m a k e a m a r k 

a t t h e p o i n t of t h e p e n c i l a n d n u m b e r 

i t 4 . A t t h e l a s t h o u r o n t h e h o u r 

b e f o r e s u n d o w n , y o u wil l h a v e c o m 

p l e t e d y o u r s u n d i a l . 

W h e n e v e r y o u w a n t t o u s e t h e sun

d i a l , y o u m u s t p l a c e i t in exactly the 

same position a s it w a s w h e n y o u m a d e 

i t . T o d o th i s , s igh t a l o n g t h e p e n c i l , 

t h e n a i l , a n d t h e d i s t a n t o b j e c t , j u s t a s 

y o u d i d w h e n first p u t t i n g t h e b o a r d 

i n t o p o s i t i o n . T o te l l t i m e b y t h e s u n 

d ia l , n o t e w h e r e t h e s h a d o w of t h e 

p e n c i l p o i n t is. S u p p o s e i t is h a l f w a y 

b e t w e e n t h e 10 a n d 11 m a r k s o n t h e 

b o a r d ; t h e n t h e t i m e is 1 0 : 3 0 . If t h e 

s h a d o w is t h r e e - q u a r t e r s of t h e d i s t a n c e 

b e t w e e n t h e 2 a n d 3 m a r k s , t h e n t h e 

t i m e is 2 : 4 5 . 
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The only "clock" Columbus had on 
his ship was a half-hour sandglass. 

In the Greek clepsydra (above), the water dropped out of the vessel. 
In the Chinese version (below), the vessel filled itself with water. 

In both cases, the markings for 
the time were inside the vessels. 

I n a b o u t t w o w e e k s y o u r s u n d i a l wi l l 

n o l o n g e r te l l t i m e a c c u r a t e l y . E a c h 

w e e k fo r six m o n t h s f r o m t h e t i m e y o u 

m a d e y o u r s u n d i a l , i t wi l l b e c o m e less 

a n d less a c c u r a t e . 

W h y d o e s t h e a c c u r a c y of y o u r sun

d i a l c h a n g e ? B e c a u s e a s t h e e a r t h o r b i t s 

a r o u n d t h e s u n , t h e s u n ' s p a t h a c r o s s 

t h e s k y c h a n g e s . I t m o v e s s o u t h fo r 

s ix m o n t h s a n d n o r t h f o r t h e o t h e r 

six. D o e s t h i s m e a n t h a t w e c a n n o t 

m a k e a s u n d i a l t h a t is a c c u r a t e a l l y e a r 

a r o u n d ? N o , b u t i t t o o k a s t r o n o m e r s 

m a n y c e n t u r i e s t o l e a r n h o w t o m a k e 

a n a c c u r a t e s u n d i a l , a n d t h e m a t h e m a 

t i c s t h a t t h e y u s e d a r e s o m e w h a t c o m 

p l i c a t e d . 

Some monasteries in the Middle Ages 
used a "psalm clock" to count the hours 
of their devotions and duties. Every psalm 
was chanted at the same speed, and the 
number of. a specific psalm told the hour. 
As soon as one monk was tired, another 
took his place and continued to chant. 

Y o u wil l find t h a t a s y o u a p p r o a c h 

a p e r i o d t h a t is o n e y e a r a f t e r y o u m a d e 

y o u r s u n d i a l , it wi l l b e c o m e m o r e a n d 

m o r e a c c u r a t e . O n t h e e x a c t a n n i v e r 

s a r y d a t e , y o u r s u n d i a l wi l l te l l t h e cor 

r e c t t i m e a g a i n . 

S u n d i a l s a r e u se l e s s a t n i g h t o r o n c l o u d y 

d a y s . T w o o t h e r 
How w e r e moving 

sand and moving 
water used to 
measure time? 

e a r l y t i m e k e e p 

e rs , t h e s a n d g l a s s 

a n d t h e w a t e r 

c l o c k , w e r e u s e d 

t o c o m p e n s a t e fo r t h i s i n a d e q u a c y . 

W h e n t h e w h o l e s a n d g l a s s d e v i c e is 

t u r n e d o v e r , t h e s a n d s t r e a m s t h r o u g h 

t h e c h a n n e l a t a f a i r ly u n i f o r m s p e e d . 
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T h e l e n g t h of t i m e i t t a k e s fo r t h e s a n d 

t o e m p t y f r o m t h e t o p g l o b e i n t o t h e 

b o t t o m o n e is d e t e r m i n e d b y t h e s i ze of 

t h e g l o b e s , t h e a m o u n t of s a n d a n d t h e 

d i a m e t e r of t h e c h a n n e l . 

L i k e t h e s a n d g l a s s , t h e w a t e r c l o c k , 

k n o w n a s t h e clepsydra ( m e a n i n g 

" w a t e r t h i e f " i n G r e e k ) , d i d n o t d e p e n d 

o n s u n l i g h t t o te l l t i m e . T h e e a r l i e s t 

t y p e of w a t e r c l o c k u s e d b y t h e G r e e k s 

a n d R o m a n s w a s a l a r g e b o w l w i t h 

m a r k i n g s o n t h e i n s i d e a n d a h o l e in 

t h e b o t t o m . A s t h e w a t e r e s c a p e d 

t h r o u g h t h e h o l e , t h e d i f fe ren t m a r k i n g s 

w o u l d b e e x p o s e d a n d i n d i c a t e t h e 

p a s s i n g of h o u r s . I n C h i n a a n d I n d i a a 

s m a l l b r a s s b o w l t h a t w a s p i e r c e d i n t h e 

b o t t o m w a s f loa t ed o n a b a s i n of w a t e r . 

T h e f loa t ing b o w l w o u l d g r a d u a l l y fill 

w i t h w a t e r , a n d a f t e r a m e a s u r e d in t e r 

v a l of t i m e , i t w o u l d s i n k . A n a t t e n d a n t 

t h e n s t r u c k a g o n g a n d se t t h e b o w l 

a f loa t a g a i n . 

T h e c l e p s y d r a e v e n t u a l l y d e v e l o p e d 

i n t o a n e l a b o r a t e a n d i n g e n i o u s m e c h a 

n i s m t h a t p e r f o r m e d m a n y o p e r a t i o n s , 

l i ke i n d i c a t i n g t h e h o u r b y r i n g i n g be l l s , 

b e a t i n g d r u m s , b l o w i n g t r u m p e t s o r t h e 

m o v e m e n t of t i n y figures. 

T h e i n t r o d u c t i o n of d e v i c e s s u c h a s 

g e a r s , r a c k s a n d d i a l s i n t o t h e c l e p s y d r a 

g r e a t l y e x p a n d e d a n d re f ined t h e s c i e n c e 

Water is supplied con
tinuously from a pipe 
into reservoir B, from 
where it slowly drips 
into tank C An over
flow tube keeps the 
level in the reservoir 
constant. As the level of 
water in tank C rises, 
rack E is pushed up by 
float D. The rack turns 
geared wheel F, and 
the hand of the clock 
moves the dial to indi
cate the hour. 

This clepsydra from the 
18th century is based 
on the principles of the 
waterclock of Ctesibius 
of Alexandria about 
140 B.C. As water runs 
out of the container, it 
turns a set of water-
wheels which cause the 
figure with the pointer 
to rise and indicate the 
hours on the column. 
The mechanism in the 
lower part of the col
umn which our illustra
tion shows exposed, is 
actually covered and 
beautifully camou
flaged. 
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of m e a s u r i n g t i m e . W h a t f o l l o w e d w a s 

a n i m p r o v e m e n t in t i m e k e e p e r s t h a t 

w o u l d n o t h a v e b e e n p o s s i b l e w i t h o u t 

t h e s e d e v i c e s : t h e s u b s t i t u t i o n of m e 

c h a n i c a l p o w e r f o r w a t e r p o w e r . 

MAKE YOUR OWN 
WATERCLOCK: 

Take an empty milk con
tainer and punch a little 
hole in it near the bottom. 
Fill the container with col
ored water and place it in 
a basin. The water will drip 
out slowly. By holding the 
container to the light or 

holding a flashlight against it, you will be able to 
see the water level inside the container. Mark the 
level on the outside after every 15 minutes. You have 
made a waterclock. It is a primitive one, but it will 
work. 

HOW TO MAKE A SAND GLASS 

O b t a i n t w o i d e n t i c a l g lass j a r s w i t h 

s c r e w c a p s . R e m o v e t h e c a p s a n d g l u e 

o r c e m e n t t h e m t o p - t o - t o p , a s in t h e 

i l l u s t r a t i o n . U s i n g a b l o c k of w o o d , a s 

s h o w n , a n d a v e r y t h i n n a i l c a l l e d a 

b r a d , m a k e a h o l e t h r o u g h b o t h j a r 

c a p s . 

O b t a i n e n o u g h s a n d t o a l m o s t fill 

o n e of t h e j a r s . T h e s a n d m u s t b e d r y 

a n d c l e a n . T o b e s u r e t h a t t h e s a n d is 

c l e a n , s ieve i t t h r o u g h s o m e w i r e m e s h , 

l i ke t h a t u s e d t o m a k e w i n d o w s c r e e n s . 

I t wi l l b e e v e n b e t t e r if, a f t e r s i ev ing 

t h e s a n d t h r o u g h w i r e m e s h , y o u f u r t h e r 

s i eve i t t h r o u g h m u s l i n o r s o m e o t h e r 

c o a r s e m e s h c l o t h . 

P u t t h e c l e a n , d r y s a n d i n t o o n e b o t 

t le . S c r e w t h e c a p s o n t o th i s b o t t l e . 

T h e n , s c r e w t h e o t h e r b o t t l e i n t o t h e 

o t h e r c a p . T u r n t h e b o t t l e a r o u n d so 

t h a t t h e e m p t y b o t t l e is o n t h e b o t t o m . 

N o t e o n a w a t c h w i t h a s e c o n d h a n d 

t h e e x a c t t i m e y o u t u r n e d t h e b o t t l e s . 

T h e n , n o t e t h e t i m e w h e n t h e l as t of t h e 

s a n d fa l l s f r o m t h e u p p e r t o t h e l o w e r 

b o t t l e . B y d o i n g th i s , y o u wi l l find o u t 

h o w l o n g i t t o o k t h e s a n d t o r u n f r o m 

o n e b o t t l e i n t o t h e o t h e r . 

L e t u s s u p p o s e t h a t i t t o o k IVi m i n 

u t e s fo r t h e s a n d t o r u n f r o m t h e u p p e r 

t o t h e l o w e r b o t t l e . ( T h e t i m e m a y b e 

q u i t e d i f fe ren t , d e p e n d i n g o n t h e s ize 

of t h e b o t t l e s y o u u s e . ) N o w IVi m i n 

u t e s is a n o d d t i m e t h a t is n o t of m u c h 

u s e in a t i m e r . S o y o u wil l w a n t t o 

r e g u l a t e y o u r s a n d g l a s s t o t i m e a m o r e 

u se fu l i n t e r v a l , s u c h a s five m i n u t e s . T o 

d o th i s , p o u r o u t a l i t t l e s a n d f r o m t h e 

b o t t l e , b u t d o n ' t t h r o w it a w a y . P u t t h e 

b o t t l e s t o g e t h e r , a n d a g a i n t i m e h o w 

l o n g i t t a k e s s a n d t o r u n f r o m o n e t o 

a n o t h e r . If t h e t i m e is sti l l m o r e t h a n 

five m i n u t e s , p o u r o u t m o r e s a n d ; if t h e 

t i m e is less t h a n five m i n u t e s , a d d a 

l i t t le s a n d . C o n t i n u e a d d i n g a n d sub

t r a c t i n g s a n d , u n t i l i t t a k e s e x a c t l y five 
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m i n u t e s f o r t h e s a n d t o r u n f r o m o n e 

b o t t l e i n t o t h e o t h e r . N o w y o u h a v e a 

s a n d g lass t h a t w i l l t i m e e x a c t l y five 

m i n u t e s . 

f i t 

How did the 
first mechanical 
clocks look? 

T h e first m e c h a n i c a l c l o c k s w e r e b u l k y 

g i a n t s t h a t w e i g h e d 

s e v e r a l t o n s a n d 

f r e q u e n t l y w e r e 

f o r g e d in a b l a c k 

s m i t h ' s s h o p . T h e y d i d n o t h a v e d i a l s 

b u t u s e d j o i n t e d figures of p e o p l e , 

k n o w n as " J a c k s , " t o s t r i k e t h e h o u r o r 

q u a r t e r h o u r . 

F a l l i n g w e i g h t s w e r e e m p l o y e d t o 

d r i v e t h e s e c l o c k s . T h e w e i g h t w a s a t 

t a c h e d t o a r o p e t h a t w a s w o u n d a r o u n d 

a d r u m . A s t h e w e i g h t fell , t h e r o p e 

w o u l d u n c o i l a n d t u r n t h e d r u m . A 

s ing le r e v o l v i n g c l o c k h a n d o r b e l l 

s t r i k e r f a s t e n e d t o t h e e n d of t h e d r u m 

i n d i c a t e d o r s i g n a l e d t h e h o u r . 

O n e c l o c k b e l o n g i n g t o t h i s p e r i o d , 

is g e n e r a l l y r e c o g n i z e d a s t h e d i r e c t a n 

c e s t o r of m o d e r n m e c h a n i c a l t ime 

k e e p e r s . I t w a s b u i l t b y t h e G e r m a n 

H e n r y D e V i c k in 1 3 6 0 fo r C h a r l e s V 

of F r a n c e a n d i t is st i l l s t a n d i n g i n P a r i s 

w i t h o n e h o u r h a n d p o i n t i n g t o t h e t i m e 

o n t h e d ia l . 

A l l c l o c k s a n d w a t c h e s , f r o m t h e e a r l y 

o n e s l i k e 
What are the four D e V i c k > s 

parts used in all , 
clocks and watches? 

t h a t a r e 

p r o d u c e d t o d a y , h a v e f o u r b a s i c p a r t s : 

T h e driving mechanism is t h e s o u r c e 

of e n e r g y a n d k e e p s t h e c l o c k o r 

w a t c h r u n n i n g . I t m a y b e a w e i g h t , 

a c o i l e d s p r i n g , o r a n e l e c t r i c m o t o r . 

The first mechanical timepieces had no dial and no 
hands, only tolling bells or Jacks to strike the hour. 

The primitive escapement (transmission) with its foliot 
(a kind of balance that worked as controlling mechan
ism) and the weight on a turning drum (driving 
mechanism). That was all the mechanism the first 
clocks had. 

T h e d r i v i n g m e c h a n i s m in a n e l ec t r i c 

c l o c k is a n e l e c t r i c m o t o r w h o s e s p e e d 

is c o n t r o l l e d b y t h e 6 0 c y c l e p e r s e c o n d 
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At the end of the 1 6th century the Italian astronomer, physicist and mathematician, Galileo, noticed that the 
chandelier which illuminated the altar of the cathedral of Pisa swayed with the slightest stir of wind. He 
observed that, no matter how far the chandelier swung, it always took the same time to swing back. He 
checked his observation by timing the swings with his own pulse. Galileo himself applied this discovery 
to the mechanical clock. It meant that by attaching a pendulum to the pallet, it could be made to stop and 
release the geared wheel at the same rate regardless of the amount of force applied. 

A . C . c u r r e n t t h a t e n t e r s m o s t h o m e s . 

T h e m o t o r r e v o l v e s 3 6 0 0 t i m e s p e r 

m i n u t e a n d is g e a r e d d o w n t o t h e re

q u i r e d s p e e d s f o r t h e c l o c k h a n d s . 

T h e transmission d i s t r i b u t e s t h e 

e n e r g y t h r o u g h a t r a i n of c o n n e c t e d 

g e a r s t h a t t u r n t h e c l o c k h a n d s . 

T h e controlling mechanism, p e r h a p s 

t h e m o s t i m p o r t a n t p a r t of a n y 

t i m e p i e c e , b r a k e s t h e e n e r g y s o t h a t i t 

is r e l e a s e d s lowly . T h e h o u r h a n d is 

p e r m i t t e d t o r o t a t e o n c e i n 12 h o u r s , t h e 

m i n u t e h a n d o n c e i n 6 0 m i n u t e s , a n d 

t h e s e c o n d h a n d o n c e i n 6 0 s e c o n d s . 

A dial f o r r e a d i n g t h e t i m e is neces 

s a r y t o c o m p l e t e t h e c l o c k . 

How were clocks 
reduced in size? 

A f t e r D e V i c k ' s w o r k , t h e i n v e n t i o n s 

t h a t m o s t r e v o l u 

t i o n i z e d t h e c o n 

s t r u c t i o n of c l o c k s 

w e r e t h e m a i n s p r i n g a n d t h e p e n d u l u m . 

I n 1 5 0 0 P e t e r H e n l e i n , a G e r m a n 

l o c k s m i t h , s u b s t i t u t e d a r i b b o n of 
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At right, goldcase watch from the late 1 8th century. 

WEIGHT-DRIVEN SECOND 
PENDULUM HAND 
ESCAPEMENT 

The pendulum usually is a rod pivoted at one end and weighted at the other. The longer the rod or the lighter the weight, the 
slower the swings. With this knowledge it became possible to adjust the pendulum to swing exactly once in a second. If 
the pendulum would be attached just to a ratchet that would drive the clock hands, the pendulum would gradually cease 
to swing on account of the friction. Some form of stored energy had to be used to keep the gear train in motion. Hanging 
weights with cords coiled around a rotable drum provided this energy at first. Later a coiled spring was used for energy 
supply. In wrist watches, the hanging pendulum of the grandfather clock is replaced by a hairspring driven flat balance wheel. 

s p r i n g s tee l f o r t h e w e i g h t t h a t h a d al

w a y s b e e n u s e d t o d r i v e c l o c k s . T h e 

e l i m i n a t i o n of t h e h e a v y w e i g h t m a d e 

p o r t a b l e t i m e p i e c e s p o s s i b l e . B y t h e 

1 6 0 0 ' s , s m a l l p o c k e t w a t c h e s u s i n g 

m a i n s p r i n g s w e r e i n s ty le . 

O n e h u n d r e d a n d fifty-eight y e a r s a f t e r 

t h e i n t r o d u c -
W h y a r e p e n d u l u m . . r . , 

. , a - t i o n o f t h e 
clocks so accura te? 

m a i n s p r i n g , t h e 

g r e a t D u t c h sc i en t i s t C h r i s t i a n H u y g e n s 

b u i l t a c l o c k t h a t u s e d a p e n d u l u m fo r 

t h e c o n t r o l l i n g m e c h a n i s m . A p e n d u 

l u m is a n y f ree s w i n g i n g o b j e c t , s u c h a s 

a w e i g h t h a n g i n g f r o m a s t r ing , w h i c h 

h a s a b a c k a n d f o r t h m o t i o n . T h e l a w s 

t h a t d e s c r i b e t h e m o v e m e n t of p e n d u 

l u m s h a d b e e n w o r k e d o u t b y G a l i l e o 

i n 1 5 8 3 . 

T h e t i m e of s u c c e s s i v e s w i n g s of a 

p e n d u l u m is fa i r ly c o n s t a n t , a n d H u y 

g e n s w a s a b l e t o r e g u l a t e t h e c l o c k t o 

a n e x c e l l e n t a c c u r a c y . A s t h e pe r idu-
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l u m t r a v e l s b a c k a n d f o r t h , i t a c t s a s 

a v e r y fine c o n t r o l t h a t u n i f o r m l y m e t e r s 

t h e e n e r g y of t h e d r i v i n g m e c h a n i s m t o 

t h e c l o c k h a n d s . S m a l l e r s w i n g s a r e 

a l w a y s p r e f e r a b l e b e c a u s e t h e y m o r e 

c lose ly r e s e m b l e t h e b e h a v i o r of a p e r 

f ec t p e n d u l u m a n d m i n i m i z e e r r o r s . 

P e n d u l u m c l o c k s a r e r e l i a b l e a n d a c c u 

r a t e f o r m e c h a n i c a l m e c h a n i s m s , a n d 

a r e sti l l b e i n g p r o d u c e d . 

A t o n e t i m e e l e g a n c e r a t h e r t h a n ac
c u r a c y w a s t h e 

How m a n y t imes c r i t e r i o n o f a g o o d 

does your watch .. , » 

tick in a d a y ? t i m e p i e c e . M a n y 

w a t c h e s a n d 

c l o c k s w e r e w o r k s of g r e a t v i s u a l a r 

t i s t ry , b u t o f t e n t h e y w o u l d g a i n o r l o s e 

a s m u c h a s a n h o u r da i ly . F r o m t h e 

h i g h l y d e c o r a t i v e o r n a m e n t of t h e l a s t 

f e w c e n t u r i e s , t h e t i m e p i e c e of t o d a y 

h a s d e v e l o p e d i n t o a n e x t r a o r d i n a r y 

m a c h i n e t h a t is sti l l a t t r a c t i v e b u t func 

t i o n s w i t h p r e c i s e efficiency. 

T h e w a t c h o n y o u r w r i s t p e r f o r m s 

m e c h a n i c a l w o n d e r s . O n e w i n d i n g g ives 

i t t h e p o w e r t o t i c k 5 t i m e s a s e c o n d o r 

4 3 2 , 0 0 0 t i m e s a d a y . W h i l e t h e w a t c h 

is t i c k i n g a w a y , t h e r i m of t h e l a r g e ba l 

a n c e w h e e l t r a v e l s a b o u t t h e e q u i v a l e n t 

of 7 m i l e s a n d s w i n g s b a c k a n d f o r t h 

5 4 0 , 0 0 0 t i m e s i n a d a y . If t h e w h e e l s of 

a c a r t u r n e d t h e s a m e n u m b e r of t i m e s , 

t h e y w o u l d t r a v e l 2 5 0 , 0 0 0 m i l e s in a 

y e a r . T h e c a r w o u l d j u s t a b o u t fa l l 

a p a r t o n a t r i p of t h a t m i l e a g e b u t y o u r 

w a t c h , s o m e of w h o s e p a r t s m o v e a n 

e q u i v a l e n t d i s t a n c e , m i g h t n o t n e e d re

p a i r s f o r y e a r s . 
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A n e w d i s c o v e r y i n t i m e m e a s u r e m e n t , 

c a l l e d t h e r a d i o -
W h a t is a , , , 

.. . . . c a r b o n c l o c k , 
rad iocarbon clock? 

u s e s t h e t h e o r i e s 

of n u c l e a r p h y s i c s t o l o o k b a c k i n t o 

h i s t o r y . T h e r a d i o c a r b o n c l o c k i s 

p o w e r e d b y C a r b o n 14 , w h i c h w a s 

m a n u f a c t u r e d b y t h e a c t i o n of c o s m i c 

r a y s p a s s i n g t h r o u g h t h e e a r t h ' s a t m o s 

p h e r e t h o u s a n d s of y e a r s a g o . W h e n 

c o s m i c r a y s s t r i k e n i t r o g e n a t o m s i n t h e 

u p p e r a t m o s p h e r e ( a n d th i s p r o c e s s 

g o e s o n a l l t h e t i m e ) , s o m e of t h e n i t r o 

g e n is t r a n s f o r m e d i n t o r a d i o a c t i v e 

C a r b o n 14. I n t u r n , t h e C a r b o n 14 c o m 

b i n e s w i t h t h e o x y g e n i n t h e a t m o s p h e r e 

t o f o r m c a r b o n d i o x i d e . P l a n t s a b s o r b 

t h e r a d i o a c t i v e c a r b o n d i o x i d e a l o n g 

w i t h t h e i r d i e t of n o r m a l c a r b o n d i o x i d e 

a s l o n g a s t h e y a r e a l ive . A n i m a l s de

v e l o p a t i s s u e s t r u c t u r e t h a t c o n t a i n s 

C a r b o n 14 w h e n t h e y e a t t h e p l a n t s . 

A f t e r t h e p l a n t o r a n i m a l d ies , t h e 

C a r b o n 1 4 c o n t i n u e s t o e m i t r a d i o a c 

t ive p a r t i c l e s , w h o s e s t r e n g t h c a n b e 

m e a s u r e d w i t h a G e i g e r c o u n t e r . O v e r 

t h e y e a r s t h e i n t e n s i t y of t h e r a d i a t i o n 

d e c r e a s e s a t a k n o w n r a t e . B y c o m p a r 

i n g t h e i n t e n s i t y of t h e w e a k e n e d r a d i a 

t i o n w i t h t h a t of f r e s h C a r b o n 14, t h e 

a g e of t h e p l a n t o r a n i m a l is d e t e r m i n e d . 

T h e p l a n t o r a n i m a l n e e d n o t b e p re 

s e r v e d i n i t s o r i g i n a l f o r m b u t c a n b e 

c h e c k e d f o r r a d i a t i o n e v e n a f t e r i t h a s 

b e e n m a d e i n t o a t o o l o r s o m e o t h e r 

p r o d u c t of c iv i l i za t i on . 

U s i n g t h e r a d i o c a r b o n c l o c k , phys i c i s t s 

a n d a r c h a e o l o g i s t s 

c a n l o o k a s f a r 

b a c k a s 2 8 , 0 0 0 

y e a r s i n t o t h e p a s t . T h e i r findings 

How old is 
ancient Jericho? 



t e l l p a r t of t h e u n r e c o r d e d s t o r y 

of a n c i e n t p e o p l e s . F o r e x a m p l e , t h e 

B i b l i c a l w a l l e d c i ty of J e r i c h o w a s 

f o u n d t o b e 9 , 0 0 0 y e a r s o l d . T h e re

m a i n s of a c h a r c o a l fire r e v e a l t h a t 

p e o p l e h a d i n h a b i t e d t h e f a m o u s L a s -

c a u x C a v e i n F r a n c e a b o u t 1 5 , 0 0 0 

y e a r s a g o . S i n c e t h e a p p l i c a t i o n of t h e 

C a r b o n 14 t e s t t o a r c h a e o l o g y , m a n y of 

t h e f o r m e r d a t i n g e s t i m a t e s c o u l d b e 

c o n f i r m e d o r c o r r e c t e d . 

E v e r y m o d e r n d e v i c e t h a t t e l l s t i m e 

r e l i e s o n t h e 
W h a t type of motion r h y t h m i c b e a t 

is used in all , 
clocks of t o d a y ? o r r e g u l a r vi-

b r a t i o n of a 

c o n t r o l l i n g m e c h a n i s m . I n s o m e c l o c k s 

t h e c o n t r o l i s a c h i e v e d b y t h e s w i n g of a 

p e n d u l u m , w h i l e o t h e r c l o c k s a n d w r i s t 

w a t c h e s u s e a b a l a n c e w h e e l c o u p l e d t o 

a h a i r s p r i n g . A n e l e c t r i c c l o c k u t i l i zes 

t h e s t e a d y f r e q u e n c y of 6 0 cyc l e s p e r 

s e c o n d g e n e r a t e d b y t h e p o w e r s t a t i o n . 

F r e q u e n c y is t h e n u m b e r of b a c k a n d 

f o r t h m o v e m e n t s t h a t a n y t h i n g , ( f o r 

e x a m p l e , a w a v e of e l e c t r i c c u r r e n t ) 

m a k e s d u r i n g 1 s e c o n d . 

W h e r e c r i t i c a l p r e c i s i o n is r e q u i r e d , 

m a n y l a b o r a t o r i e s u s e a q u a r t z c l o c k . 

C r y s t a l s l i ke q u a r t z h a v e t h e a b i l i t y t o 

v i b r a t e a t a s h a r p , d e p e n d a b l e r a t e 

w h e n t h e y a r e p l a c e d i n a n e l e c t r o n i c 

c i r cu i t a n d s t i m u l a t e d b y a l t e r n a t i n g 

c u r r e n t s of r a d i o f r e q u e n c i e s . 

O n c e t h e q u a r t z b e g i n s t o v i b r a t e a t 

a u n i f o r m r a t e , i t i m p o s e s i t s o w n n a t u 

r a l f r e q u e n c y o n t h e w h o l e c i r c u i t . T h e 

m o d i f i e d c u r r e n t i s t h e n u s e d t o r u n a n 

e l e c t r i c c l o c k . T h e f r e q u e n c y of t h e c u r 

r e n t f ed i n t o t h e c l o c k is so c a r e f u l l y 

r e g u l a t e d b y t h e v i b r a t i n g q u a r t z , t h a t 

A marine chronometer is a highly accurate time
keeper used by ships at sea to find their longitude. 
It was never too difficult to find the latitude of the 
ship's position by observing the height of the sun, 
the moon or the stars. The exact longitude however 
can only be found if the sailor knew both the exact 
time at the port he had left and the local time at sea. 
While the local time at sea could be measured by the 
position of the sun, the time at the port had to come 
from a timepiece that would keep accurate time even 
after rough seas, storms and waves had rocked the 
captain's instruments. Such a foolproof clock is called 
a chronometer. About 1770, John Harrison, an Eng
lishman, built the first successful marine chronometer 
and won the 20,000 pound prize described in a 
public proclamation of 1713: "The Lords Commis
sioners of the Admiralty hereby offer the sum of 
20,000 pounds for any method whereby the Longi
tude can at all times be determined at sea; the whole 
reward to be given if the method, when tested by a 
voyage to the West Indies, is found to be within 
thirty miles of the truth, 15,000 pounds if within forty 
miles and 10,000 pounds if within sixty miles of the 
truth." 
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GERMAN IRON CLOCK 
WITH FOLIOT (ABOUT 1400) 

MODERN 
MANTEL PIECE 
CLOCK 

LOUIS XV CLOCK (1750) 

14TH CENTURY CLOCK IN 
WELLS CATHEDRAL, ENGLAND 

t h e los s o r g a i n of t i m e is s o m e t i m e s a s 

l i t t l e a s 1 s e c o n d i n 3 0 y e a r s . 

F o r m o s t l a b o r a t o r y p r o b l e m s , t h e 

q u a r t z c l o c k is a t i m e k e e p e r of s u p e r b 

a c c u r a c y . A g i n g of t h e c r y s t a l a n d 

c h a n g e s i n t h e a t m o s p h e r e , h o w e v e r , 

u l t i m a t e l y r e d u c e i t s eff iciency b e l o w 

t h e l eve l n e e d e d t o e x p l o r e s o m e h i g h l y 

a d v a n c e d scient i f ic a r e a s . A m o n g t h e s e 

a r e a s t r o n o m i c a l m e a s u r e m e n t s of t h e 

e a r t h ' s r o t a t i o n , a n i m p r o v e d s y s t e m of 

n a v i g a t i o n s i g n a l s f o r a i r p l a n e s , a n d 

t h e i n v e s t i g a t i o n of m o t i o n i n a t o m i c 

p h y s i c s . 

T o find a c l o c k f o r s u c h w o r k , o n e 

t h a t w o u l d n o t b e d i s t u r b e d b y a g i n g 

o r t h e a t m o s p h e r e , s c i en t i s t s t u r n e d t o 

t h e w o r l d of m o l e c u l e s a n d a t o m s . 

T h e r e t h e y f o u n d t h e m o s t d e p e n d a b l e 

t o - a n d - f r o m o t i o n i n a l l n a t u r e . 

I n 1 9 4 9 t h e first a t o m i c c l o c k w a s b u i l t . 

T h e a m m o n i a 

m o l e c u l e w a s 

u s e d i n t h i s c l o c k 

b e c a u s e i t s p y r a m i d s t r u c t u r e p e r m i t s i t 

How does an 
atomic clock work? 

t o a c t a s a p e n d u l u m , s c a l e d d o w n t o 

a t o m i c s ize . Ammonia i s a g a s t h a t h a s 

t h r e e h y d r o g e n a t o m s a n d o n e n i t r o g e n 

a t o m . ( T h e f a m i l i a r ammonia, f o u n d 

o n a g r o c e r ' s she l f , is a c l e a n i n g s o l u t i o n 

m a d e b y d i s s o l v i n g a m m o n i a g a s in 

w a t e r . ) 

In the atomic clock, the 
nitrogen atom vibrates 
between points A and B 
at the incredible rate of 
2,387 billion times per 
second. (N = nitrogen 
atom; H = hydrogen 
atom). 

E x a m i n e t h e i l l u s t r a t i o n a n d y o u wil l 

s ee t h a t t h e h y d r o g e n a t o m s o c c u p y t h e 

l o w e r c o r n e r s of t h e p y r a m i d , w h i l e t h e 

n i t r o g e n a t o m is a t t h e t o p . If e x t r e m e l y 

h i g h f r e q u e n c y r a d i o w a v e s a r e u s e d t o 

e x c i t e t h e a m m o n i a g a s , t h e n i t r o g e n 

a t o m wi l l v i b r a t e u p a n d d o w n b e t w e e n 

i t s n o r m a l t o p p o s i t i o n A , a n d o n e a n 
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At right, a German (Nurem
berg) portable "table clock" 
of the 16th century. Above, 
side view of a modern pocket 
watch. Note the difference in 
thickness. 

e q u a l d i s t a n c e B , o n t h e o t h e r s ide of 

t h e b a s e . 

T h e n i t r o g e n a t o m c a n b e t h o u g h t of 

a s a rap id- f i re p e n d u l u m t h a t s e n d s o u t 

e n e r g y a s i t t r a v e l s b a c k a n d f o r t h . T h i s 

e n e r g y , l i ke t h a t of t h e q u a r t z c r y s t a l , 

is p i p e d off t o a n e l e c t r i c c l o c k s o t h a t 

t h e t i m e c a n b e r e a d d i r e c t l y . T h e a m 

m o n i a c l o c k d o e s n o t v a r y in a c c u r a c y 

b y m o r e t h a n 1 s e c o n d i n 15 y e a r s . 

A c l o c k t h a t u s e s t h e g a s e o u s f o r m of 

t h e e l e m e n t cesium is o n e of t h e n e w e s t 

of t h e a t o m i c t i m e k e e p e r s . T h e c e s i u m 

c l o c k is m o r e a c c u r a t e t h a n t h e a m 

m o n i a c l o c k a n d c a n b e b u i l t so t h a t 

i t d o e s n o t l o se o r g a i n m o r e t h a n 1 

s e c o n d in 3 0 0 y e a r s . 

F r o m o b s e r v a t o r i e s w h e r e q u a r t z o r 

a t o m i c c l o c k s a r e u s e d a s t r o n o m e r s s e n d 

o u t t i m e s i g n a l s e v e r y h o u r . T h e s e sig

n a l s a r e r e l a y e d b y r a d i o a n d t e l e p h o n e 

t o a i r c r a f t , s h i p s a n d i n s t a l l a t i o n s a l l 

o v e r t h e w o r l d . O u r c o m m u n i c a t i o n 

sa te l l i t e , t h e T e l s t a r , wi l l b e u s e d t o 

t r a n s m i t t i m e s igna l s a t t h e f a s t e s t a n d 

m o s t a c c u r a t e r a t e y e t k n o w n . 

One of the most unique time-pieces in Europe is the 
Flower Clock at Interlaken, Switzerland. Year after 
year a new dial for this clock is provided by the 
planting of thousands of tiny plants and flowers. The 
mechanism of the clock is buried underground. 

The first Ammonia Atomic Clock was built by the 
U.S. Bureau of Standards in 1949. The ammonia gas 
is in the wave guide that is wound around the face 
of the electric clock. The cabinet, seen only partly 
here, houses the oscillator and electronic circuits. 
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T h e c o n t r o l l i n g m e c h a n i s m of t h e 

a t o m i c c l o c k a n d t h e c e l e b r a t e d p e n d u 

l u m of G a l i l e o a r e s e p a r a t e d b y f o u r 

c e n t u r i e s . T h e d i f f e rence b e t w e e n t h e 

t w o p e n d u l u m s i n a w a y r e p r e s e n t s t h e 

g r o w t h of s c i e n c e . A l t h o u g h 1 6 t h c e n 

t u r y s c i e n c e d i d n o t d e p e n d o n p r e c i s e 

t i m e k e e p i n g dev ices , t o d a y s u c h d e v i c e s 

a r e a b s o l u t e l y n e c e s s a r y f o r scient i f ic 

m e a s u r e m e n t s . 

T h r e e d i m e n s i o n s — l e n g t h , w i d t h a n d 

h e i g h t — a r e 
W h y is t ime o r d i n a r i l y 
frequently called 
the fourth dimension? 

u s e d t o m e a s 

u r e t h e s ize of 

o b j e c t s . F o r e x a m p l e , w e u s e l e n g t h , 

w i d t h a n d h e i g h t t o m e a s u r e t h e s ize 

of a so l id b l o c k of w o o d . 

T h e s a m e t h r e e d i m e n s i o n s a r e u s e d 

t o m e a s u r e t h e s ize , o r v o l u m e , of s p a c e . 

C o n s i d e r t h e s p a c e i n a r o o m . W e c a n 

m e a s u r e t h i s s p a c e j u s t a s w e m e a s u r e d 

t h e s ize of t h e w o o d e n b l o c k — b y n o t 

i n g t h e l e n g t h , w i d t h a n d h e i g h t . 

T h e t h r e e d i m e n s i o n a l m e t h o d of 

m e a s u r e m e n t a l s o a l l o w s u s t o d e s c r i b e 

t h e e x a c t p o s i t i o n of a n o b j e c t i n s p a c e . 

I m a g i n e t h a t y o u a r e l o o k i n g i n t o a 

r o o m . H a n g i n g in t h e r o o m is a b a l l 

a t t a c h e d t o t h e ce i l ing b y a p i e c e of 

s t r i n g . H o w c a n y o u d e s c r i b e t h e e x a c t 

p o s i t i o n of t h e b a l l i n t h e r o o m ? 

T h e p o s i t i o n of t h e b a l l d e p e n d s o n 

i t s d i s t a n c e f r o m t h r e e s u r f a c e s — i n t h e 

s a m e w a y t h a t t h e s ize of a n o b j e c t a n d 

t h e s ize of s p a c e d e p e n d u p o n t h e i r 

t h r e e d i m e n s i o n s . 

O n e of t h e s e s u r f a c e s c a n b e e i t h e r 

t h e f loor o r t h e ce i l ing . T h e o t h e r t w o 

s u r f a c e s c a n b e a n y t w o c o n n e c t i n g 

wa l l s . F o r e x a m p l e , w e c a n d e s c r i b e t h e 

e x a c t p o s i t i o n of t h e b a l l a s t h r e e f ee t 

f r o m t h e f loor , s e v e n f ee t f r o m t h e n o r t h 

w a l l a n d five f ee t f r o m t h e w e s t wa l l . 

N o w s u p p o s e t h a t t h e b a l l s t a r t s t o 

s w i n g . B e c a u s e t h e b a l l is m o v i n g , i t s 

p o s i t i o n c o n s t a n t l y c h a n g e s . I t p a s s e s 

t h r o u g h a g i v e n p o s i t i o n o n l y a t a g i v e n 

m o m e n t i n t i m e . E v e r y n e w p o s i t i o n of 

t h e b a l l i s r e a c h e d a t a n e w m o m e n t in 

t i m e . 

M o v i n g o b j e c t s h a v e a p l a c e in s p a c e 

a n d a p l a c e i n t i m e . T o d e s c r i b e t h e 

p o s i t i o n of a m o v i n g o b j e c t , w e m e a s u r e 

i t s t h r e e d i m e n s i o n s i n s p a c e a n d a l s o 

o b s e r v e t h e e x a c t t i m e a t w h i c h w e t a k e 

t h e m e a s u r e m e n t s . 

T h e i m p o r t a n c e of t i m e in d e s c r i b i n g 

t h e p o s i t i o n of m o v i n g o b j e c t s is o n e of 

t h e k e y i d e a s i n t h e T h e o r y of R e l a t i v i t y , 

f o r m u l a t e d b y A l b e r t E i n s t e i n . 

T h i s g r e a t p h y s i c i s t r e g a r d e d t i m e 

a s t h e f o u r t h d i m e n s i o n . H e t r e a t e d t i m e 

m u c h t h e s a m e a s t h e d i m e n s i o n s of 

l e n g t h , w i d t h a n d h e i g h t . I n h i s t h e o r y , 

l e n g t h , w i d t h , h e i g h t a n d t i m e a r e so 

c lo se ly r e l a t e d t h a t h e r e f e r s t o a l l of 

t h e s e d i m e n s i o n s w i t h t h e s ing le expres 

s i o n — s p a c e - t i m e . 

T h e e a r t h t u r n s , a h e a r t b e a t s , a l i q u i d 

flows, a c r y s t a l f o r m s , 
W h a t does / 

. . . « a c a m e r a s h u t t e r o p e n s 
t ime tell us? r 

a n d c loses , a sa te l l i t e is 

l a u n c h e d , a G e i g e r c o u n t e r c l icks , a 

g a s e x p a n d s , a fue l b u r n s . H o w d o e s 

t i m e h e l p d e s c r i b e t h e s e e v e n t s ? 

W e c a n a n s w e r t h i s q u e s t i o n o n l y if 

w e a s s i g n e a c h e v e n t a b e g i n n i n g a n d a n 

e n d . F o r e x a m p l e , w h e n w e m e a s u r e t h e 

v e l o c i t y of t h e e a r t h ' s r o t a t i o n ( s e e 

F i g u r e s 1 a n d 2 o n p a g e 2 4 ) , t h e first 

c r o s s i n g of t h e s u n o v e r t h e m e r i d i a n is 

c a l l e d t h e b e g i n n i n g of o u r m e a s u r e 

m e n t a n d t h e s e c o n d c r o s s i n g t h e e n d . 
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U n l i k e t h e m o t i o n of t h e e a r t h , w h i c h 

is c o n t i n u o u s , t h e o p e n i n g a n d c l o s i n g 

of a c a m e r a s h u t t e r h a s a r e a l b e g i n n i n g 

a n d a r e a l e n d . A l t h o u g h t h e e a r t h a n d 

t h e c a m e r a s h u t t e r h a v e d i f fe ren t t y p e s 

of m o t i o n , t h e i r ve loc i t i e s c a n b e ac

c u r a t e l y m e a s u r e d . 

S c i e n c e def ines t h e v e l o c i t y of a n y 

m o v i n g o b j e c t a s t h e s p e e d i t t r a v e l s 

b e t w e e n t w o p l a c e s in a u n i t of t i m e . 

S u c h t e r m s a s miles per hour a n d feet 

per second a r e f a m i l i a r e x a m p l e s of t h i s 

m e a s u r e m e n t of m o v e m e n t . I t d o e s n o t 

m a t t e r if t h e p l a c e s i n t h e de f in i t i on a r e 

r e a l o r i m a g i n a r y . A l l t h a t is n e c e s s a r y 

w h e n w e w a n t t o t i m e a n e v e n t is t h a t 

w e k n o w w h e n t o s t a r t a n d s t o p o u r 

m e a s u r e m e n t . 

I n e v e r y d a y l iv ing , a s i n s c i ence , t h e 

g r e a t v a l u e of t i m e is t h a t i t m e a s u r e s 

t h e i n t e r v a l b e t w e e n e v e n t s . W e c a n n o t 

s a y t h a t t i m e c a u s e s s o m e t h i n g t o h a p 

p e n , b u t o n l y t h a t i t a l l o w s u s t o o b s e r v e 

w h e n i t h a p p e n s a n d f o r h o w l o n g . T h i s 

o b s e r v a t i o n g ives u s u n d e r s t a n d i n g of 

d u r a t i o n , m o t i o n a n d c h a n g e . 

S p e c i a l W o r d s i n t h e S t o r y o f T i m e 

A.M; t h e 12 h o u r s b e f o r e 1 2 : 0 0 n o o n . 

A.M. is a n a b b r e v i a t i o n of t h e L a t i n 

ante meridiem, m e a n i n g b e f o r e n o o n . 

« 

ASTROLOGY: a fa l se s c i e n c e w h i c h u s e s 

t h e p o s i t i o n of t h e s t a r s t o te l l f o r t u n e s 

a n d p r e d i c t t h e f u t u r e . 

ASTRONOMY: t h e s c i e n c e w h i c h s t u d i e s 

a n d e x p l a i n s t h e w o r l d of t h e h e a v e n s . 

• 

AXIS : t h e i m a g i n a r y l ine p a s s i n g t h r o u g h 

t h e e a r t h o n w h i c h t h e e a r t h r o t a t e s . 

T h e v a r i o u s s e a s o n s a r e d u e t o t h e 

a n g l e of t h e e a r t h ' s ax i s . 

* 

DAYLIGHT SAVING T I M E : a t i m e s y s t e m 

w h i c h g ives u s m o r e d a y l i g h t h o u r s . I n 

a r e a s t h a t u s e D a y l i g h t S a v i n g T i m e , 

c l o c k s a r e set a h e a d 1 h o u r in t h e s p r i n g 

a n d b a c k 1 h o u r in t h e fal l . 

EQUINOX: t h e t i m e w h e n t h e a n g l e of 

t h e s u n ' s r a y s c r o s s e s t h e e q u a t o r , a n d 

d a y a n d n i g h t a r e of e q u a l l e n g t h eve ry 

w h e r e in t h e w o r l d . T h e vernal equinox 

o c c u r s a b o u t M a r c h 2 1 a n d t h e autum

nal equinox a b o u t S e p t e m b e r 2 3 . 

FREQUENCY: t h e n u m b e r of v i b r a t i o n s 

t h a t a n y t h i n g m a k e s d u r i n g a p e r i o d of 

1 s e c o n d . 
ill 

GREGORIAN C A L E N D A R : t h e c a l e n d a r , i n 

v e n t e d b y P o p e G r e g o r y a n d a c o u n c i l 

of s c i en t i s t s in t h e 1 6 t h c e n t u r y , w h i c h 

w e u s e t o d a y . 

I N T E R N A T I O N A L D A T E L I N E : t h e 1 8 0 ° 

m e r i d i a n of l o n g i t u d e . E a c h s i d e of t h e 

D a t e L i n e h a s a d i f fe ren t d a y . If i t is 

T u e s d a y t o t h e w e s t of t h e D a t e L i n e , 

t h e n i t wi l l b e M o n d a y t o t h e e a s t of t h e 

D a t e L i n e . 

• 

J U L I A N C A L E N D A R : i n v e n t e d b y t h e 

R o m a n e m p e r o r J u l i u s C a e s e r u n d e r t h e 

g u i d a n c e of t h e G r e e k p h i l o s o p h e r Sosi-
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g e n e s . T h e J u l i a n C a l e n d a r w a s u s e d 

f r o m 4 5 B . C . t o 1 5 8 2 A . D . , w h e n i t w a s 

r e p l a c e d b y t h e G r e g o r i a n C a l e n d a r , 

w h i c h w e u s e t o d a y . 

• 

LEAP YEAR: a y e a r o f 3 6 6 d a y s . T h e 

e x t r a d a y , F e b r u a r y 2 9 , is a d d e d o n c e 

e v e r y f o u r y e a r s t o m a k e u p fo r t h e 

s h o r t a g e i n o u r c a l e n d a r . 

• 

LIGHT YEAR: t h e d i s t a n c e t h a t l i g h t , 

w h i c h h a s a v e l o c i t y of 1 8 6 , 0 0 0 m i l e s 

p e r s e c o n d , t r a v e l s i n 1 y e a r . 

b o d y . I t t a k e s t h e e a r t h 1 y e a r t o r e v o l v e 

i n i t s o r b i t a r o u n d t h e s u n . 

• 

ROTATE : t o t u r n a r o u n d a s a w h e e l d o e s . 

T h e e a r t h r o t a t e s o n i t s ax is , p r o d u c i n g 

d a y a n d n i g h t , w h i l e i t r e v o l v e s a r o u n d 

t h e s u n . 

• 

SIDEREAL TIME : a l s o k n o w n a s s t a r t i m e , 

is u s e d b y a s t r o n o m e r s f o r s p e c i a l sci

ent i f ic w o r k . I t is t h e t i m e r e q u i r e d fo r 

t h e e a r t h t o c o m p l e t e o n e r o t a t i o n w i t h 

r e s p e c t t o a b r i g h t s t a r . 

LOCAL T I M E : m e a n s o l a r t i m e . 

LUNAR: r e f e r s t o t h e m o o n ( f r o m luna, 

t h e L a t i n w o r d f o r m o o n ) . 

M E A N S O L A R T I M E : t h e t i m e w e u s e o n 

o u r c l o c k s a n d w a t c h e s . I t i s a d j u s t e d 

t o m a k e u p fo r t h e i r r e g u l a r i t i e s i n t h e 

s p e e d of t h e e a r t h a s i t t u r n s i n o r b i t 

a r o u n d t h e s u n . 

• 

M E R I D I A N S O F L O N G I T U D E : i m a g i n a r y 

c i r c u l a r l i nes w h i c h p a s s t h r o u g h t h e 

N o r t h a n d S o u t h P o l e s . I n o n e h o u r t h e 

e a r t h r o t a t e s 15° , o r t h e e q u i v a l e n t of 

o n e m e r i d i a n . 

SOLAR: r e f e r s t o t h e s u n ( f r o m sol, t h e 

L a t i n w o r d f o r s u n ) . O u r solar system 

i n c l u d e s o u r s u n a n d a l l h e a v e n l y b o d i e s 

t h a t r e v o l v e a r o u n d i t , s u c h a s t h e e a r t h , 

t h e o t h e r p l a n e t s , sa te l l i t e s , c o m e t s a n d 

m e t e o r s . 

STANDARD T I M E Z O N E S : 2 4 t i m e z o n e s 

e x t e n d i n g a r o u n d t h e e a r t h . E a c h z o n e 

is c o n t a i n e d i n a 15° b a n d of l o n g i t u d e . 

F r o m o n e z o n e t o t h e n e x t t h e t i m e 

differs b y 1 h o u r . 

• 

VELOCITY: s p e e d t h a t a n o b j e c t t r a v e l s 

i n a u n i t of t i m e a l o n g a k n o w n d i rec

t i o n . 

PENDULUM: a f r ee s w i n g i n g o b j e c t , 

s u c h a s a w e i g h t h a n g i n g f r o m a s t r i ng , 

w h i c h h a s a b a c k a n d f o r t h m o t i o n . 

P . M : t h e 1 2 h o u r s a f t e r 1 2 : 0 0 n o o n . 

P .M. is a n a b b r e v i a t i o n of t h e L a t i n 

post meridiem, m e a n i n g a f t e r n o o n . 

• 

REVOLVE: t h e m o t i o n of a h e a v e n l y 

b o d y a s i t f o l l o w s a c u r v e d p a t h ( c a l l e d 

a n o r b i t ) a r o u n d a n o t h e r h e a v e n l y 

YEAR: 365V4 d a y s o r , t o b e e x a c t , 3 6 5 

d a y s , 5 h o u r s , 4 8 m i n u t e s a n d 4 6 sec

o n d s — t h e t i m e i t t a k e s fo r t h e e a r t h 

t o t r a v e l a r o u n d t h e s u n . 

• 

ZODIAC: a n i m a g i n a r y b a n d in t h e 

h e a v e n s s e p a r a t e d i n t o 12 e q u a l dis

t a n c e s b y c o n s t e l l a t i o n s ( c l u s t e r s of 

s t a r s ) . T h e s u n s p e n d s a p p r o x i m a t e l y 

1 m o n t h i n e a c h of t h e 12 c o n s t e l l a t i o n s 

o n i t s y e a r l y t r i p a r o u n d t h e z o d i a c . 
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